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A hope for the future: that’s what the vital 
DANDAKARANYA Scheme means to the destitute 
and uprooted refugees. 

First: Ruston Bucyrus & Bucyrus Erie Excavators 
—for all construction work for townships and 
settlements. When the uprooted are settled, get 
Mindrill Diamond Drills to explore the vast min- 
eral wealth for future prosperity and development. 
These machines make it possible to provide new 
soil for the uprooted, new homes for destitutes, 








Sold & Serviced by: 


GREAVES COTTON & CO., LTD. 


Bombay, Ahmedabad, Bangalore, Calcutta, 
Coimbatore, Kanpur, Madras, New Delhi 


Ralli House, P. B. No. 702, 16, Hare St., Calcutta 1. 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEYELOPMENT—MED NUMBER, SEPT., 1958 i 












$§ 


Through all the Stages of a Project 


from investigation on site to planning, production, 
installation and subsequent servicing- 

a staff of highly qualified specialists set their pride in 
working out optimum solutions to all problems. 

Over 170,000 employees enable the House of Siemens, 
whose name and emblem is known throughout 

the electrical world, to handle any electrical 

engineering problem, regardless of scope. 

complexity or location 














Another emblem, the one shown above, will soon 
aid be known throughout the technical world 

of India. It will be a hallmark of quality for motors, 
transformers, switchgear, cables and meters soon 

to be built under Licence in this country in 
cooperation with noted Indian industrial 
enterprises. 
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SIEMENS & HALSKE AG-SIEMENS-SCHUCKERTWERKE AG 
BERLIN « MONCHEN + ERLANGEN 
SOLE REPRESENTATIVES: 

SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 


BOMBAY - CALCUTTA + NEW DELHI 
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POWER 
YOU CAN 
DEPEND ON 





MOTORS UPTO 200 H.P. 





Manufactured by 


KIRLOSKAR 
ELECTRIC CO., LTD. 
BANGALORE-3 





trouble-free service. Every Brush-Kirloskar: 














Power for industry, power 
for the ever-growing needs of 
india,for steel, for agricuiture, 
for textile mills. POWER YOU 
CAN DEPEND ON. In the field of 
electric: motors KIRLOSKAR are 
playing their part. KIRLOSKAR 
electric motors incorporate all 
the latest designs of the Brush 
Electrical Engineering Co, and 


are subject to rigid inspection to 







ensure dependable power and 


Electric Motor has a guarantee of 

















& 
reliability and strength. ‘ 
= 
Sole Agents 
MADRAS 
BOMBAY 
CALCUTTA 
NEW DELHI 











When the call is for 
SWITCHGEAR 


Type ROP 32 
Oil Circuit Breaker 


Two examples of ‘ Ferguson Pailin’ switchgear, for varying 


duties, are illustrated here. They are :— 


ROP 32 OIL CIRCUIT-BREAKER 

Wherever 22 kV or 33 kV_ outdoor oil circuit-breakers for 
breaking capacities up to 750 MVA are required the merits of 
the ‘ ROP 32” breaker should be considered. 

The design of this breaker provides for the optimum protection 
against adverse working conditions peculiar to countries in various 
parts of the world as well as maximum resistance to the effects 
of fluctuating temperatures and humidity. 

The versatility of the ‘ROP 32’ makes it remarkably adaptable 
to local requirements. Complete dependability and _ reliability 
make it a natural choice for incorporation into any scheme 
involving the transmission of power at 22 kV or 33 kV. 

The circuit-breaker tank is of cylindrical shape and all three 
phases are brought into one tank, permitting the use of smaller 
framework thereby achieving compactness. 


‘BV’ SWITCHGEAR 

‘Ferguson Pailin’ Type BV switchgear is of the completely 
enclosed metalclad type. It is constructed on the unit principle 
and can readily be extended by units of similar rating, or by 
metalclad oil switches. 

Vertical isolation of the breaker ensures minimum space 
requirements of the unit, whilst adequate interlocks safeguard 
against mal-operation. 


guso! 








the AE.l. Group of Compames 


Head Office & Works: HR. OPENSHAW MANCHESTER 11, ENGLAND 




















—the answer is — 


Cigusonr Fa 


When the dam is built and the major constructional work 





| 
eo @ 


completed the task of installing the electrical plant and the 
equipment must be undertaken. 

Ferguson Pailin have supplied switchgear for indoor and 
outdoor stations, including major hydro-electric schemes the 
world over. ‘F. P.’ is synonymous with first-class design, 
manufacture and performance of this essential equipment, 
ranging from extra high voltage switchgear for main grid 
supply systems down to low voltage switchgear for indus- 


trial purposes. 





A ‘Ferguson Pailin’ 3kV (BV) 
switchboard installation at the South 
Fremantle Power Station of the State 
Electricity Commission of Western 
Australia. 





Pailin cumiteo for Switchgear 





Represented in India ani Pakistan by 


A. E. |. (India) Private Ltd., Head Office : Crown House, 6, Mission Row, Calcutta, P. O. Box 271. 
A. E. |. (Pakistan) Ltd., Head Office : Bombay Company Building, Wallace Road, Karachi, P. O. Box 746. 










The right shown circuit breakers, MT/150-P model 
for 10 kV rated voltage, are part of a supply 
for Messrs. Peterson & Son, Moss ( Norway). 


This small oil circuit breakers series for medium 
voltage — from 10 to 45 kV, 500 MVA — success- 
fully underwent all type tests as stated by I. E. C. 
Standards, performed at the KEMA Laboratory 
( Holland ), conquering in a couple of years the 


international market. 


Hundreds of MT circuit breakers have been in 
fact supplied, not only in Italy, but also to Finland, 
Sweden, New Zealand, Ireland and Turkey, every- 
where obtaining a bright success. 


Scarpa & Magnano~. 9 


VIA FIUHE2 - SAVONA- ITALY 
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New series 


of medium voltage circuit breakers 
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Wherever there’s heavy duty work to be done 


use LEYLAND Comets 
for SPEED and ECONOMY 


A Leyland Comet can carry in two 
trips what others do in three or more 


4 AL 120(a) 





Ennore 














INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MED NUMBER, SEPT., 1958 Vv 











.. the weight of this salient-pole rotor. Revolving at 
136.4 rev/min it will help generate electricity in a modern 
AEG water-power alternator. 

These rotors can have peripheral speeds of up to 620 ft/sec. ; 
in service, the load on the thrust bearing may reach 
1200 tons and above. 

The design of every component part of these AEG alter- 
nators, both large and small, gives factual evidence of much 
practical experience gathered over many years. The cumu- 
lative effect of continued and patient detail work has 
greatly contributed to the world-wide reputation of AEG. 


wie, 


74276 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 


Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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hard rocks. 












ATLAS COPCO ROCK DRILLS and 
SANDVIK COROMANT STEELS 
give maximum efficiency in Rock Drilling 


Coromant drill steels, fitted with tough tungsten carbide 
inserts, are exceptionally hard-wearing, even on very 

With a higher cutting and staying 
power than any other conventional jumper, these 


drill steels work most efficiently with Atlas 
Copco Rock Drills. 


VULCAN TRADING CO. 


19, British Indian Street, Calcutta. 


Bombay Madras New Delhi 


» 1958 


Enquiries to: 
PRIVATE LTD. 


Other offices at: 


/ 


VTC-30 











UNIVERSAL THEODOLITE 
T 2 
Accuracy of readings: 0.4’ 


‘| J 
+> WILD 


———————— 2» HEERBRUCGG 





ALL CRITERIA OF 
FIRST CLASS THEODOLITES 
FOR PEAK PERFORMANCE 


are satisfied by 





INSTRUMENTS 
« 
Last Word in 
GEODETIC SURVEY 


For particulars, kindly write to :- 


* SOLE AGENTS; RAJ-DER-KAR & CO., 


Sadhana Rayon House, 
Dr. D. Naoroji Rd., Bombay |}. 


* OUR SUB-AGENTS | VULCAN TRADING CO. 
for S. India: § (PRIVATE) LTD., 


38 C, Mount Road, Madras 6. 














INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MED NUMBER, SEPT. 1958 


TECHNOEXPORT 
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PARAMITE 


Cables 


CABLECO. 


Copper A.C.S.R. and 
Aluminium Conductors 


PARAMEX 


Synthetic Enamel Covered 
Winding Wires 


MANUFACTURED IN INDIA TO IS : 282, 1S: 396, 1S:398 & IS :434, BY 


THE INDIAN CABLE CO.,LTD 


9, HARE STREET, P. O. BOX S14, CALCUTTA 


Representatives in India for 
ICC BRITISH INSULATED CALLENDER’S CABLES LTD. | 


BRANCHES : 


? mS, AHMEDABAD, BANGALORE, BOMBAY, COIMBATORE, JAMSHEDPUR, 
KANPUR, MADRAS, NAGPUR, NEW DELHI AND SECUNDERABAD 1C.13 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MED NUMBER, SEPT., 1958 


ONE OF SIX 18 FT. DIAMETER BUTTERFLY VALVES 


FOR THE WARSAK HYDRO-ELECTRIC PROJECT 
GOVERNMENT OF WEST PAKISTAN 


ID) REPRESENTED IN INDIA BY 
THE CROMPTON ENGINEERING CO. 
» INION ENGINEE 
OM COMPANY LIMITED RING (MADRAS) PRIVATE LTD., 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS P.O. BOX 205, MADRAS, INDIA 
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Now at your disposal 


ACC's 
years of experience 
in the manufacture of 


CEMENT PLANTS 


Write to us for your 
requirements of: 


Crushers for limestone 
& other minerals 


Ball and Tube Mills 
Clay Washmills 
Rotary Kilns and Coolers 


High and Medium 
Pressure Fans 
Conveying Equipment, 
i.e. Elevators, 

Belt Conveyors, etc. 


~G-HEAVY MACHINER 


@ Points & Crossings, 
and Tipping Wagons for 
BG, MG & NG tracks 


® Structural Steelwork 


® Other Fabrications 


— Hoppers, Tanks, etc. 





acc 


THE ASSOCIATED CEMENT 
COMPANIES LTD., 





Machinery Manufacturing Division, 


121, Queen’s Road, Bombay |. 




















ACC.58.8 
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94 OR 100 HP 
OIL ENGINE. 
8 SPEED GEAR BOX. 
20,000 LBS PAYLOAD 








94, 100 OR 150 HP 
OIL ENGINE 

8 SPEED GEARBOX. 
23.500 LBS PAYLOAD. 





112 OR 150 HP OIL ENGINE 
8 SPEED GEARBOX. 
33,600 LBS PAYLOAD 





150, 180 

OR 210 HP 
OIL ENGINE. 
12 SPEED 
GEARBOX 
40,000 LBS 
PAYLOAD. 


300 HP OIL ENGINE 
TORQUE CONVERTER 
56.000 LBS PAYLOAD. 
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2 STANDARD — 
_— LIGHT STRUCTURES 


FOR PERMANENT & TEMPORARY BUILDINGS 


New constructional principle effects amazin g 
= ae time saving | 
A cieAG] ROOF TRUSSES AND PURLINS OF TUBULAR 


CONSTRUCTIONS IN THREE STANDARD 
SPANS 

















SRAN TRUSS SPACING 
a“ 13" 4” 
30° 13” 4” OR 10’ 0” 
20° 10’ 0” 













COLUMN AVAILABLE IN FOUR STANDARD HEIGHTS 
» 6°, 12 0", 14 0’ AND 16’ 0” 






Six unskilled men take approximately sixteen 
hours to erect on prepared foundation steel- 
' work for a building over 60’ long by 30° wide 

¥ 
EXTENSIVELY USED BY 
ALL THE STEEL PROJECTS 
RAILWAYS 
- CONSTRUCTION SITES 
INDUSTRIAL ORGANISATIONS 





Roofing is fixed before the work on walls 
and interior is begun 












FOR OFFICES 
WORKSHOPS 
GODOWNS 
SCHOOLS PROMPT DELIVERIES 
HOSPITALS 


LABOUR QUARTERS 


Write for particulars & price lists to 


STEWARTS AND LLOYDS OF INDIA 
TELEPHONE 44-5224 (7 LINES) and 44-1461 PRIV ATE LTD x 


TELEGRAMS : TUBSEMAKERS, CALCUTTA 


41, CHOWRINGHEE. CALCUTTA-I6 


$$-%-d18 














A re anaes 





' 
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TIMKEN“<US.A. 





TRADE-MARK ORIGINATED, OWNED, REGISTERED 
BY THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 









































1958 xiii 





Scraper drive wheels, (like at left) as well 
as differential, pinion and trail wheels 
are mounted on Timken made-in-U.S.A. 
tapered roller bearings. 


Scraper takes turns, twists and bumps 
with Timken Bearings to roll the loads 


Working over rough terrain this 

scraper takes a beating. To keep it 
working engineers specified Timken 
made-in-U.S.A. tapered roller bearings 
for the wheels, differential and pinion. 

Timken bearings are specified for 
this rough, tough use because: 1) They 
have greater capacity. Full line contact 
between rollers and races gives Timken 
bearings extra load carrying capacity. 
And because they’re tapered, they take 
any combination of radial and thrust 
loads (as shown at right). 2) They 
take shock. Timken bearings are made 
of our own special analysis steel. And 


NOT JUST A BALL NOT JUST A ROLLER THE TIMKEN TAPERED ROLLER 


i= 


Distributors: Woltas Limited. 


they are case-carburized to have hard, 
wear-resistant surfaces and _ tough, 
shock-resistant cores. 3) They need less 
maintenance. Because they keep shafts 
concentric with housings, Timken 
bearings make closures more effective. 
To get all the advantages of Timken 
made-in-U.S.A. bearings, specify them 
for the machines you buy or build. 
Made by the world’s oldest (59 years) 
and largest manufacturer of tapered 
roller bearings. Available World-Wide. 
The Timken Roller Bearing Company, 
Canton, Ohio, U.S.A. 
Cable: ““TIMROSCO”. 


BEARING TAKES RADIAL, AND THRUST 





—_— 
TTT 


— Tf 


LOADS OR ANY COMBINATION 


Bombay @ Calcutta @ Madras ¢ New Delhi © Bangalore ® Cochin, 


7-800 
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TRANSMISSION TOWERS 


1D) Se) (Oi) 5 Ds RO Or-N 54.0 art pam OND 


lO FIT ANY TERRAIN 






CROMPTONS’ STEEL TOWERS CARRY MANY 
HUNDREDS OF CIRCUIT MILES OF TRANSMISSION 
LINES ACROSS THIS GREAT LAND. SCALING 
THE HEIGHTS OF RUGGED MOUNTAINS. 
THROUGH MARSHY LOW LANDS. TRAVERSING 
EVERY POSSIBLE KIND OF TERRAIN, THESE 
TRANSMISSION TOWERS ARE SIGNPOSTS 

OF INDIA’S PROGRESS. 

CROMPTONS HAVE BEEN DESIGNING. FABRI- 
CATING AND ERECTING TRANSMISSION 

LINE TOWERS FOR THE NATION FOR 

OVER 25 YEARS. THEIR EXPERIENCE AND 


FACILITIES ARE SECOND TO NONE. 








































a = 
e Mi 
&. . HA 
Kh 
TRANSMISS R: WN 
SSION LINES ERECTED m3! YA 
aninae { 66 KV. ‘ 168 miles * Deen hse ell 
{ 110 KV 256 miles Bets KN ae ‘ 
33 KV ae 50 miles *. % és y x i i 
ANDHRA PRADESH :{ 66 KV ». 295 miles KAA j 
132 KV “es 116 miles NPS 
6KV. .. Rmiles of SB, a 
KERALA NPSX | 4 
110 KY. mr 125 miles ; te, ; 
BURMA 33/66 KV. .. 500 miles me ee" ci 
f 


THE CROMPTON ENGINEERING CO. (MADRAS ) 


POST BOX N ple} YD LINE BEACH, MADRA 


Branches. BOMBAY. NEW DELHI, BANGALORE, COIMBATORE, MADURAI, VIJAYAWADA & SECUNDERABAD 





| 
| 
| 
| 
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The first chelee fer ot: 2 


Indian conditions waa 











DUMPERS 





43 cu. YD. 
MODEL 14B 


Muir-Hill Dumpers and Loaders have been in use 
in the Indian Continent for over twenty 
years and they have proved equal to 

the toughest assignments in the widest 
range of climatic conditions. 


All users of Muir-Hill machines 

are assured of service and spares 
through our distributors. The 
undermentioned will be glad to send 
fully illustrated literature on request. 


BUILT BY BOYDELL 





E. BOYDELL & CO. LTD. ALLIANCE WORKS, OLD TRAFFORD, MANCHESTER 16, ENGLAND 





DISTRIBUTORS IN INDIA 
Messrs. Killick, Nixon & Co. Private Ltd., 


Messrs. McLeod & Co. Ltd., McLeod House, 

P.O.B. 78, Postal Zone No. I, P.O.B. 109, Killick House. Home Street, 

Calcutta. Bombay. 

Territories : Territories : 

Uttar Pradesh, Bihar, Assam, West Bengal, Punjab, Himachal Pradesh, Rajasthan, 

Orissa, Southern Andhra Pradesh, Madhya Pradesh, Bombay, Northern Mysore, 
Northern Andhra Pradesh. 





Southern Mysore, Madras, Kerela. 
dm £8 5’3 
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Deep tread 
pattern for 
long life 


Broken shoulder 
bars for better 
grip on rough 

ground 


Strong casing 
to withstand 
abuse 


Fg 
J 
PD tad 


* 
ores 


For fitment to Cars, Jeeps, Land Rovers and Station Wagons 











ROUGH 
WITH 
THE 
SMOOTH 








The Dunlop ‘RK.3’ is 
a dual purpose tyre 
for use on and off 
the road. The ribbed 
centre tread means 
longer life on hard 
roads and the self- 
cleaning shoulder 
buttresses give 
adequate grip for 
‘off-the-road’ service. 


Available in size 
6.00-16 6 ply 








DC-504 
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HACKBRIDGE 


TRANS FORMERS 


or INDIA 


‘gs OUND oesign and construction —inherent char- 
acteristics in Hackbridge transformers — ensure 
long and reliable service even.under the most 
arduous conditions. Backed by 30 years manufactur- 
ing experience. Over 23 million kVA. in service up 
to the largest sizes. 

The illustrations show: above, one of eight I5 
MVA 132/33 kV. Hackbridge transformers supplied 
to the Damodar Valley Corporation, and below, 
one of four 10 MVA 110/22—II kV. Hackbridge 
transformers for Madras about to leave the 
Company's Works at Walton-on-Thames. 


















HACKBRIDGE AND HEWITTIC ELECTRIC CO., LIMITED 


WALTON-ON-THAMES - SURREY - ENGLAND 
Telephone : Walton-on-Thames 760 (8 lines) Telegrams: ‘Electric, Walton-on-Thames 


INDIA : Steam and Mining Equipment (India) Private Ltd., 101, Park Street, Calcutta, Post Box 405. 
Easun Engineering Co. Ltd., 5-7 Second Line Beach, Post Box 95, Madras |. 





PAKISTAN: The Karachi Radio Co., Inverarity Road, Karachi 3. 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT— MED NUMBER, SEPT., 1958 


CENOVA-/TALY- 


75 MVA STEAM POWER SET 
FOR CHIVASSO POWER 
STATION, TURIN (ITALY) 


sphinx -52 










INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MED NUMBER, SEPT., 1958 xix 


ee. 


Intake 
Gates 


Illustrated is a completely assembled 
Intake Gate being lowered into 
position. This is one of twelve built 
by Canadian Vickers for the Pumped 
Storage Scheme part of the Sir 

Adam Beck No. 2 Development of 

the Hydro Electric Power Commission 
of Ontario, at Queenstown. 












Shop welded in sections and riveted 
together in the field, these Gates are 
designed fora clear opening of 16’-834” 
wide and 34’-9” high and subjected 
to a maximum head on thesill of 77’-6”. 


ee re 











Canadian Vickers designs and 
builds all types of Water-Way and 
Water-Power equipment. If it is 
Vickers-built . . . it’s right. 











CANADIAN 





MONTREAL TORONTO 






CANADIAN MEMBER OF THE VICKERS GROUP 








, 
. a! 
Dae | 
i 


Ct 










Shop photo of a 
Vickers-built Hoist, 
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Steel Castings 
Manganese & 
= Carbon 
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KUMARDHUBI ENGINEERING WORKS LTD. 
Managing Agents: 


BIRD & CO. (PRIVATE) LTD. 


Chartered Bank Buildings, Calcutta-| 














B 3002 



















“BIG FIVE 


CENTRIFUGAL PUMPS 


are Partners in the Progress of Industry and Agriculture! 


Here are the Pumps of proven value that have been contributing to the 
growth of Industry and Agriculture. Manufactured by the Pioneers in 
the field, you can be assured of years of continuous service with 
minimum maintenance cost. 3 


1. Type ‘DSM’ Pumps are suitable for 2. ‘NK’ type Pumps are designed to 
handling low quantities of water operate continuously over long 
against high heads. periods under heavy pressure. 

3.. ‘Multistage’ Pumps are in effect a 4. Sturdy construction and efficient 





combination of two or more pumps 
within a single casing—for installa- 
tion where the head is high. 


performance for many years mark 
‘MF’ type Pumps as the ideal choice 
of Industry, Irrigation and Drainage. 


5. Defined as the ‘general purpose’ Pumps, type 


‘UP’ are adaptable to a wide range of duties. 





KIRLOSKAR BROTHERS LIMITED, 


KIRLOSKARVADI, DIST. S. SATARA 


ESTD. 1388 
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ARES SP NERA ORB BE EE Me 


y 

INDIA Five 3-phase transformers, 
~ three 20 MVA, 132/33-66 kV and 

two 10 MVA, 132/33 kV, have 

been supplied for the Damodar 

Valley Power Scheme. 

NEW ZEALAND Twenty-six 220 

kV 


ordered by the State 








FERRANTI LTD. 


HOLLINWOOD, LANCASHIRE, ENGLAND. 
Indian Distributors : 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
Esplanade House, Waudby Road, Fort, Bombay-|. Post Box II! 








Fl 
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SKF searincs 


in Weir Gates — 155 ft. nies water 





s3cs Spherical Roller Bearings are fitted to four sliding weir gates used in 
the regulating dam on the river Esla at Ricobaya, Spain, which were built 
in 1935 by Boetticher y Navarro, S.A., Madrid, and are part of the power 
station installation owned by Iberduero S.A., Bilbao. 


Each gate has a diameter of 14 ft. 6 in. and weighs 32 tons. The gates are 
fitted at each side with two pairs of flanged rollers, which run between guide 
rails. The rollers are mounted on SCS spherical roller bearings, which were 
chosen for this task because they are easy running, require only a minimum 
of maintenance, and can be sealed effectively against water. 


The maximum height from the centre of the gates to the surface of the water 
is no less than 155 ft., and the sealing devices of the bearing application 
consequently have to withstand an enormous pressure. Nevertheless, the 
bearings are giving complete satisfaction even today — 17 years after fitting. 


THE SKF BALL BEARING CO. PRIVATE LTD. 


BOMBAY. P. O. BOX 71 P CALCUTTA, P.O. BOX 588 ; MADRAS, P. ©. BOX 66 














| 
| 








ete EN CaS 
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115,000 volt power 
transformer. Ontario 
Hydro photo. 


~ KNOWN FOR QUALITY 


SUPREME POWER TRANSFORMERS 





DURING TWENTY YEARS of supplying and serving the electrical 
industry in many parts of the world, Supreme Power Supplies Limited 
has built a reputation for high-quality power transformers —comparable 
to the finest in the world. These power transformers are built to the 
exacting standards set by Supreme’s engineering and design team. 
Strong construction ensures safe transportation and handling during 
installation and high reserve capacity protects transformers under 
emergency conditions. 

We can supply these high-quality transformers to suit any customer 
requirement, no matter how large the job. Our modern production 
facilities enable us to give quick delivery. 


Rural Electrification is our specialty. 


SUPREME POWER SUPPLIES LIMITED 


2 Audley St., Mimico, Toronto 14, Canada 


A Division of Pioneer Electric Limited . . . a 100% Canadian owned and operated group 
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Generators and motors with capacities above 
| 150 kW. Single-phase and three-phase trans- 
al formers for all outputs and voltages. Electri- 
cal applications in the field of traction. Instal- 
lations of pumpless mercury arc rectifiers with 
rare gas filling. High-speed automatic regula- 
tors applied to various control problems. 
Welding rods and electric arc welding sets. 


S.A. des Ateliers de Secheron-Geneva 











| 














HIGH VOLTAGE EQUIPMENT & LINE MATERIAL INDUSTRIES 


11 KV UPTO 132 KV *® RATINGS UPTO 1200 AMPS. 
ELECTRICAL ANO MECHANICAL INTERLOCKS 
AUXILIARY SWITCHES *® INTERLOCKED EARTHING 


HI-VELM INDUSTRIES PRIVATE LIMITED 


INDUSTRIAL ESTATE, GUINDY, MADRAS-16 
TELEGRAMS: HI-VELM 





Peis, 








ISOLATORS & AIR-BREAK SWITCHES 


(MADE IN INDIA) 


BLADES ETC, 


TELEPHONE: 80604 














immenseamaneel 





Xxiv 
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With the erection of the second 

spun pipe plant at the Kulti Works 

of The Indian Iron and Steel Co. 

Ltd. the production of spun iron to meet 
pipes will increase from 60,000 to 


150,000 tons per year. This addi- the 


tional tonnage will save India Rs. 8 : ’ 
crores annually in foreign exchange. nation s 
The output a the plane will help needs 
to satisfy India’s growing demands 

for pipe mains. Employing the latest 

techniques, this unit is the first to 

produce 16” to 27” diameter spun 

iron pipes in the country. 


THE INDIAN IRON & STEEL COMPANY LIMITED 
WORKS AT BURNPUR & KULTI 


MANAGING AGENTS: 
MARTIN BURN LTD. 
12, MISSION ROW, CALCUTTA 


BRANCHES AT: 
NEW DELHi BOMBAY KANPUR 
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Manufacturers of: 
Suspension, Post and Pin type 
H.T. Insulators. 

Insulators for Transformers 
and Switchgear. 

Pressed Ceramic Parts. 
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LARSEN & TOUBRO LIMITED 


BOMBAY - NEWDELHI - CALCUTTA + MADRAS - BANGALORE - CHOCHIN 
P. O. Box No. 278 - P, O. Box No. 323 - P.O. Box No. 619+ P. O. Box No. 5247 - P, O. Box No. 98 - P. O. Box No. 55 
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@® TRANSFORMERS 
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\ 
ie PLAN YOUR 


DISTRIBUTION = 
MINING ond i 
RECTIFIER 


TRANSFORMERS 
15 to 3000 kVA 33 kV 
are available from the 


manufacturers or the 
selling agents. 


ae 
% 


Plan your POWER with DEPENDABLE 
BRUSH-KIRLOSKAR Transformers 
which are renowned for their efficiency, 
rugged construction and long-life. 
MANUFACTURED BY: 


KIRLOSKAR 


ELECTRIC CO. LTD. 
BANGALORE.3 
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MADRAS 

BOMBAY 
CALCUTTA 
NEW DELHI 
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Keymers PT2-3 
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| Vs, emblem ON 


ANY PRODUCT STANDS FOR TWO 
GUARANTEES OF EXCELLENCE, 
ONE VISIBLE,ONE INVISIBLE. 


Che pistbde GUARANTEE 


IS EVIDENCED BY THE PLANT AND 
PROPERTIES THAT MAKE GULF 
ONE OF THE WORLD'S LARGEST 
PRODUCERS AND REFINERS OF 
CRUDE OIL. 


Ofhe invisible CUARANTEE 


22.0 920 tetterteet 


Xi. 


3 IS THE DETERMINATION OF GULF 
: TO MAKE THE BEST PETROLEUM 

2 PRODUCTS THAT SKILL, SCIENCE, LOYAL 

: EMPLOYEES AND ALERT MANAGEMENT : 
i CAN JOINTLY ACHIEVE. 7 
: ; 
GULF OIL (INDIA) PRIVATE LTD. 


202, MOUNT ROAD, 
MADRAS -2. 
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WATER CONTROL 
GATES 


Pa 


4840 Feet Radial Gate 





21 Nos. RADIAL GATES 30Ft. x I5Ft. 
Supplied to West-Bengal Govt. for Mayurakshi Dam 








for 


Navigation 
Irrigation 
Power plants 


Water supply 
River Control 
Locks 


Mechanical 
Electrical 
Equipment 


Penstocks 


* 


We supplied 
equipment in India 


for : 


Canada-Dam 
Amaravathi-Dam 
Malampuzha-Dam 
Nugu-Reservoir 
Nogli-Reservoir 
Dimna-Weir 


OUIS EILERS 


Hannover-Herrenhausen- West Germany 


Technical Consultants: C. A. Willner & Co., Bangalore-| 
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For Battery Chargers and AC/DC Conversion 
Assembled in India by MARTIN BURN LTD. 
For 


Standard Telephones and Cables Limited 
es CALCUTTA 


BOMBAY DELHI KANPUR MCWC-105A 








NATIONAL ELECTRICAL INDUSTRIES LTD., 


Make. of 


LALBAUG, BOMBAY i2. 


Power & Distribution Transformers 
Electric Motors 


Motorised Grinders & Polishers 
Monobloc Pumps 


Telegram : ‘““NATELIN” 


Telephone : 77391 (3 Lines) 
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FLOATING PUMP-STATIONS 


Particularly suitable for lifting over considerable water-quantities, 
for inundation, artificial irrigation as well as for regulating 
inland-waters. 


Several pump-units are placed on one float and these press the 
water in a common collecting main. The flexible knee-joints 
render it possible that the pump-stations can be _ kept in 
operation during the whole season without being mounted 
or dismounted also in the case when the water-level rises 
or sinks. 


Exporters: 


» TECHNOIMPEX « 


HUNGARIAN MACHINE INDUSTRIES FOREIGN TRADE COMPANY 
BUDAPEST 62, P. O. B. 183, HUNGARY. Cable: TECHNOIMPEX, BUDAPEST 


For further enquiries please contact : 
1) The Trade Representative of the Hungarian 2) The Trade Commissioner of the 
People’s Republic in India, Hungarian People’s Republic, 
18, Golf Link Area, New Delhi. “Revills’’, 45, New Cuffe Parade, Bombay. 














COLO FANANTIC COION NOIRE RANA LOREENA. Reena ne oom . 
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HACKETHAL 





POWER CABLES 


for high and low tension 


delivered with solid, stranded 

or shaped conductors, available 

to all domestic and foreign 
specifications 


HACKETHAL-DRAHT- U. KABEL-WERKE AKTIENGESELLSCHAFT HANNOVER (GERMANY) 











Sole Agents in India: K. R. KOTHANDARAMAN & CO. (PRIVATE) LTD., 
Indian Chamter Buildings, P. B. No. 1555, Esplanade, Madras-!. 
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VOITH 


HEIDENHEIM/GERMANY 


* * oe? E 7 ad me 
7, a “ ’ & ae 
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WATER POWER EQUIPMENT 
Turbines, Governors, Shut-Off Valves, Inlet Gates. 


The two pictures show one Francis Spiral Turbine and one Rotary Valve during workshop assembly, intended for the PERIYAR Hydro- 
Electric Power Station, Madras State. We have supplied for this Power Station in all three turbines with Cabinet type governors, 
pressure relief valves and rotary valves. Each turbine is designed for an output of 36,600 kW at the high head of 1225 ft. 


VOITH Turbines and other Hydraulic Equipment have been supplied and installed in INDIA in the following Water Power Plants: 


Pathri 3 Kaplan Turbines Periyar 3 Francis Spiral Turbines 

Hirakud 2 Kaplan Turbines Machkund 3 Francis Spiral Turbines 
2 Francis Spiral Turbines Gandhi Sagar 3 Francis Spiral Turbines 

Udhampur 2 Francis Spiral Turbines Jammu 2 Francis Turbines 


Laboratory Turbines for Indian Institute of Technology, Kharagpur and for Colleges at Calcutta, Coimbatore, etc. 


@ J.M.VOITH GMBH- HEIDENHEIM (BRENZ): GERMANY 


Representatives for India : 


PROTOS ENGINEERING CO. (PRIVATE) LTD. 


BOMBAY e NEW DELHI e CALCUTTA e MADRAS 


P. O. Box 1642 Pp ©. Box 439 P. O. Box 2549 P. O. Box 1900 
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AVELING-JESSOP 
DIESEL 


ROAD ROLLER 
8-10 TONS 


TTITIELAE ELL 
» = 








For literatures and full particulars 
please write to :- 


Indigenous content now over 65%, 


JESSORGH» ey 10) 14 OVER 150 MACHINES HAVE BEEN PRODUCED 


-_ENGINEERS-_- 
63, Netaji Subhas Road, Calcutta-1 AND DESPATCHED FROM OUR WORKS. 
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from PERIYAR will flow new benefits 
...and ALIND has a part in this adventure! 


n the power history of Madras 


State ...now, a new and 
dynamic chapter has been 
opened. The Periyar Project, 
Stage I, will not only 

ease up to some extent the 
power deficit of the 

State—it will also provide a 
basic stimulus for indus- 

trial programmes in the southern 


districts. 


ALIND is proud of its part in the 
supply of ACSR conductors and accessories for 
the major transmission lines of the Project. 
And, it has also been ALIND'’s privilege to 

be called upon to supply over 


32,000 miles of all-aluminium conductors for 





distribution purposes in Madras State. 








* * * * 
(i) Hullikal-Hiriadka-Mangalore—!10 kV—240 miles of 6 x-177°/7x-059" Mangoose ACSR. (ii) Salem- 
Rasipuram-Namakkal—110 kV—105 miles of 6x-208’/7 x -0693” Leopard ACSR—Length of line 34 miles. 
(iii) Singarappet-Villupuram—!10 kV—200 miles 6 x ‘208"/7 x -0693” Leopard ACSR. (iv) Sembatti-Trichy— 
110 kV—one cjrcuit Periyar Scheme 215 miles of 30/7/:102” Wolf ACSR—length of line 67°6 miles. (v) Periyar- 
Udumalpet—!10 kV double circuit 122 miles of 30/7/-102” Wolf ACSR. (vi) Neyveli-Villupuram—!10 kV— 
for one circuit 74 miles of 30/7/:118” Panther ACSR—length of line 24 miles. (vii) Periyar-Rajapalayam- 
Kayattar—110 kV double circuit line—Periyar Scheme 216 miles of 30/7/102” Wolf ACSR. (viii) Kayattar- 
Arumuganeri—110 kV—Periyar Scheme 100 miles of 6x*208"/7 x °0693” Leopard ACSR. (ix) Villupuram- 
Pondicherry—66 kV—67 miles of 6/1/161” Raccoon ACSR. (x) Tanjore-Sivaganga-Paramakudi—66 kV— 
275 miles of 6/1/°161” Raccoon ACSR. 











India’s largest manufacturers of aluminium conductors and accessories 
KUNDARA @ KERALA STATE 
Managing Agents: SESHASAYEE BROS. (TRAV.) PRIVATE LIMITED 


>the THE ALUMINIUM INDUSTRIES LIMITED 
™ 
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Introduction 


With the achievement of political independence, India has entered a phase of economic 
development that will know no pause till at least the end of this century. This means that all the 
States in the country will feel the pressure of increased demand for electricity. But the regions 
that were relatively less developed than others would naturally ask for a more rapid pace of 
development. The last ten years amply indicate this trend in Madras State. Although it ranks 
only third in generation and utilisation in India, it shows a determination and an urg: for growth 
much faster than in the past. This is as it should be. 


But humaa urge by itself is not enough. The material resources for generation of power is 
also required. Most of the hydro-electrical potential in Madras has already been tapped. A 
few of the remaining ones are being fast explored for utilisation. Neither coal nor oil is avail- 
able ; but a large quantity of lignite is now being expioited both for power generation and 
biiquetting. But even this source will not p:ove enough for long. There is thus a cace for an 
ultimate generation of atomic power. The “Atoms for Peace” conference held this year at 
Geneva, must therefore come asa welcome gust of fresh air to not only Madras, but also to 
other areas similarly situated. Dr. Bhabha strongly pleaded the case for atomic power in India, 
and other leading foreign scientists have now agreed that in under-developed regions nuclear 
power may soon compete favourably with power from conventional sources for several reasons. 
It would, therefore, be worthwhile for Madras to begin consideration of this source of power 
with greater detail and set up at least a study cell for the purpose. 


This, however, in no way minimises the importance of investigrting and exploiting the 
existing soarces of power. Madras, therefore, has done w: Il in investigating and finalising such 
projects as the Mettur Tunnel Scheme, the Kumbar-Amaravathi Scheme, the Palar-Porandalar 
Scheme and the ultimate phase of the Kundah project. Perspective planning and planning for 
meeting needs of the immediate future should go hand in hand. 


Madras may not lead in terms of generation capacity, but it has an enviable record in 
the development of the Madras Grid. It has succeeded in making power available literally to 
every nook and corner of the State. Such a fuller and comprehensive coverage by electricity 
is indeed a great achievement and shows the foresight and perseverance of those who have 
been and are responsible for its planning and execution. 


This indeed is the reason for Madras’ lead in rural electrification. India being a country 
of villages—and it will continue to be so till as far as one can foresee the future—one of the 
major standards of measure of progress should be the extent and degree of rural electrification. 
Measured thus, Madras has left most of the States far behind, and it is keeping up this lead. 


But that is not all. Even a cursory glance at the figures will indicate that the pattern of 
consumption of electricity in rural areas is most inspiring. Pumpsets for irrigation provide the 
most significant contribution. In fact, the demand for it each year far outpaces the practica- 
bility of supply. Then, rural industries constitute more than one-third of the total industrial 
services. What do these facts indicate? It means that in Madraselectricity has already hecome 
a part and parcel of the community and productive life of the people. 


Here then is an emerging model for the rest of the country, except for the small regions 
which will be highly industrialised and urbanised. 


We hope the following contributions, published with the co-operation of the State Elec- 
tricity Board of Madras, will provide a detailed insight into the prospects and problems of 
electricity development in that State. 
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The Madras Grid 





Power generation in the Madras State until about 
1908 was confined mainly to a few tiny plants in tea 
estates run on water power, and to the small hydro 
installation at Kateri in the Nilgiris. 


The first public electric supply in the State was 
commenced in Madras City in 1909 by the Madras 
Electric Supply Corporation under licence. 


Real progress dates from 1925 when the Govern- 
ment of Madras initiated the policy of active develop- 
ment of the hydro electric power resources by the 
State. 


In furtherence of this policy, the first hydro-elec- 
tric scheme viz., the Pykara Scheme was taken up in 
1929 and the station commissioned in 1932. The 
Mettur station came into operation in June 1937 and 
the Papanasam power house in April 1944. The first 
thermal station to be erected by the Department was 
commissioried early in 1951 at Madurai. 


The first Five Year Plan was confined to construction 
of a new power house at Moyar and extensions to 
the existing stations at Pykara, Papanasam, Madurai 
and Madras. The installed generating capacity 
increased by nearly 65 per cent from 156,000 kW. to 
256.700 kW. 


Planning 

To develop the available power resourcesinan orderly 
and rational way and make it available over the whole 
State cheaply and in abundance, the Electricity 
Department ever since its inception in 1927 has had 
as its objective the creating of an electric power grid 
covering the whole State. This grid was planned so 
that eventually it would link the several hydro-elec- 
tric and thermal stations in the country and convey 
their power to consumers in all villages and towns 
through a network of transmission and distribution 
lines. All planning in the Department and all its 
activities are dominatedand controlled by this concep- 
tion of a State-wide electric power grid. 


The map on page 4 shows the Madras Power 
grid. It indicates the existing power houses and 
main transmission lines as also those under exe- 


By V. P. APPADURAI 


cution and those projected for construction in 
near future. 


Power Grid 

The Madras power grid covers all the districts of 
the State except the Kanyakumari District which has 
recently been formed after the reorganisation of the 
States. This district at present is getting power 
supply from the Kerala State and will be fed from the 
Madras grid as soon as the Periyar Power Station, 
now under construction, goes into operation. The grid 
comprises : 


Four Hydro-Electric Power Houses 


Pykara .- 70,200 kW. installed capacity. 
Moyar .. 36,000 kW. ss, os 
Mettur as 40,000 kW. ” ” 
Papanasam ee 28,000 kW. ” ” 
Two Thermal Power Houses 

Madras -- 98,500 kW. installed capacity 
Madurai -. 14,000 kW. - ” 
Total .. 286,700 kw. 9 ” 


And 10,500 miles of high tension transmission 
lines of voltages varying from 11,000 to 110,000 
13,900 miles of low tension distribution lines 
and 56 EHT and 61 H. T. substations and 6,642 
distribution stations. 


The grid is serving electricity to 5 lakhs of consu- 
mers—about 80% of them served directly by the Board 
and the rest served through 5 municipal licencees and 
8 private company licensees. 


The peak demand met totalled 2,53,000 kW. Power 
generated last year was 1345 million units out of which 
about 76 per cent was from water power and the 
balance from coal. The entire power output in the 
State is produced by the Electricity Board. 


The total capital investment to the end of April 
1958 is about Rs. 81 crores and the annual gross 
revenue during the year is about Rs. 10.4 crores. 
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MADRAS ELECTRICITY GRID 


SCALE :- 1"=60 MILES 
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The above is a section of one of 
two Steinmuller radiant-type boilers LICENSED PRESSURE 
with combined pulverised coal and OUTPUT 


oil firing equipment installed at 





Basin Bridge Power House, Madras. 


1067 LB. /SQ. IN. 
... 1,50,000 LBS. / HOUR 


SUPERHEATED STEAM TEMP. ... 914 F. 








TTT) inpustriat DEVELOPMENT DIVISION 


43, Forbes Street, Fort, Bombay I. 
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Madras ia the Power Map of India 

Today Madras State ranks third in India in genera- 
tion and utilisation of power, Bombay and Bengal 
leading. In respect of utilization of power for irriga- 
tion purposes it stands first by way of number of 
consumers, consumption and connected load. In 
the matter of hydro-electric output, Madras is second 
only to Bombay. While the bulk of the power in 
Bombay and West Bengal is consumed in big indus- 
tries and urban loads, Madras has built up an electri- 
city grid extending into almost all the districts and 
rural areas. In fact, Madras leads the rest of India in 
rurtal electrification with over 7000 townsand villages 
taking electricity supply by August 1958. 


Second Five Year Plan 

The power schemes of the Madras State included in 
the second Five Year Plan as originally approved by 
the Planning Commission were estimated to cost 
Rs. 60.03 crores. A five per cent economy cut suggested 
by the Planning Commission and the reconstitution 
of the Madras State subsequently reduced this to 
Rs. 532.25 crores. This forms aboat 33 per cent of total 
amount allocated to the State in the second Plan 
period and about 12 per cent of the total outlay on 
power projects in India. 


Outlay and Targets 


The Schemes included in the Plan together witn the 


proposed outlay and physical targets are given in 
Table 1. 
Table I. 





‘ Proposed ex- Physical target 
Sl. Name of Scheme penditure in (installed 
No. lakhs of generating 
Rupees. capacity) 

30,000 kW 





"1. Madras Plant Extensions 271 
2. Transmission & Distribu- 


tion 271 
3. Periyar Hydro Electric 

Scheme. 723 1,05,000 kW 
4. Acquisition of Electrical 

undertakings. 100 
5. Kundah Hydro Electric 

Scheme. 2000 1,80,000 kW 
6. Transmission & Dis- 

tribution Project. 1360.84 oe 
7. Pykara Dam Power 

House. 30 3,000 kW 
8. Papanasam Dam Power 

House. 41 4.000 kW. 
9. Sandyanallah Reservoir 

Scheme 96.8 * 


10. Improvements to existing 
Power Houses, Trans- 
mission Lines and Sub- 


stations. 250 
11. Investigation of new 
Schemes. 19.5 


12. Acquisition of Electri- 
cal Undertakings 
(Additional) 162 
Total 5325.14 





** 5,000 Villages will be electrified during the Plan period. 

* The Scheme when completed will increase the energy 
that can be generated at Pykara and Moyar Stations by 
abeut 54 million units annually. 


Progress 
Generation: The Madras Plant Extensions (III 
Stage) which envisaged the erection of a 30,000 kW. 
set with two numbers 150,000 Ibs./hr. boilers have 
recently been completed. 


The first unit of Periyar H. E. Scheme ha.; just been 
commissioned and the second and third units are 
expected to be commissioned within a period of six 
months. 


For the Kundah H. E. Scheme, Civil works are 
in full swing in all the dam sites, tunnels, and the 
power house sites. The first unit, in both the power 
houses are programmed to be commissioned by March 
1960 and the initaial phase within the Plan period. 


Transmission and Distribution : The transmission 
and distribution project envisages the construction of 
a number of secondary transmission lines required for 
taking the additional power to the remotest corner of 
the State. Including the transmission lines proposed 
under the Kundah and Periyar Hydro-Electric Sche- 
mes, an additional 8,200 miles of EHT and HT lines 
and 8,000 miles of L. T. lines will be erected during the 
Plan period. Of these, 3122 miles of E. H. T. and H. T. 
lines and 5739 miles of L. T. lines have already been 
erected during the first two years of the Plan period. 
A major stride in respect of transmission during the 
second Plan period will be the erection of the first 
230 kV line in the State from Kundah to Madras 
which will convey power generated at Kundah to 
Madras—a distance of about 300 miles. Inaddition to 
the transmission lines, the scheme is alsointended for 
rural electrification and to bring electricity to the neoks 
and corners of the State 


Rural Electrification : Madras continues to maintain 
its lead in the matter of rural electrification with over 
7,000 towns, villages and hamlets electrified by August 
1958. During the second Plan périod it is proposed to 
extend electricity to 5,000 additional villages. Of these 
about 2,620 have already been electrified during the 
first two years. About 32,440 pumps were working 
on electricity at the end of the first Plan period.. During 
the first two years of the second Plan period more 
than 30,000 pumpsets, were connected bringing the 
total at the end of the second year to 63,000. 


Table 2 gives the power development of the 
Madras Grid under the Five Year Plans. It may be 
seen from the table that there has been a phenomenal 
development during the last four years. 


Industrial Development in the State 

The power demand of the Madras Grid has been 
steadily on the increase. During the second Plan 
period, large scale industrial development, both in 
private and public sectors requiring large blocks of 
power has been contemplated. The important in- 
dustries coming up in the Madras State are the 
aluminium industry in the public sector proposed to be 
established in the Salem District and caustic soda- 
cum-soda-ash plant in the private sector to be 
established in Arumuganeri in the Tirunelveli District. 
These two industries alone would require about 50,000 
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to 60,000 kW of power. A raw film factory proposed 
to be established in Ootacamund would require about 
24000 kW. The paper industry proposed to 
be estabilshed in the State would require power to 
the extent of 24000 kW. The cement industry 
would require power of 12000 to 14000 kW. Enquiri- 
es have also been received for power for setting up a 
rayon industry in the private sectcr. Apart from these, 
the Board will have to meet the growing requirements 
of the small scale industries and also the lignite mining 
load till the thermal station proposed there commences 
operation. 


Madras at the end of the Second Plan 

When the schemes in the second Plan are com- 
pleted, the installed capacity, aggregate demand, 
units generated and the length of lines will all be more 
than doubled. The Grid is expected to cater power to 
about 7,00,000 consumers. In the rural areas, about 
10,000 village and and 100,000 pumpsets will derive 
the benefits of electricity. The per capita consump- 
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investigations of Kundah ultimate phase is under 
progress. 


The integrated Neyveli Lignite Scheme of the 
Government of India contemplates the erection of a 
thermal station of 250,000 kW capacity and it is 
expected that about 200,000 kW of power would 
be made available to the Madras Grid. 


Nuclear Generation 
With the exhaustion of the development of the 
potential water sources from which power can be 
developed economically the Board may have to resort 
to nuclear generation. 


Today nuclear generation is characterised by high 
capital cost and it has been necessary to run these 
stations at high load factors for economic operation. 


Coal costs have been continually rising and have 
gone up by over 50% in the last 12 years. Large coal 
fields are situated only in Bengal and Bihar and 


Taste IT 
Electricity Development under the Five Year Plans 











“Bl. No. Particulars 1950-51 
Before the First Five Year Plan Second Plan 
First Plan = —_— — 
1951-52 1952-53 1953-54 1954-55 1955-56 1956-57 1957-58 
I. Generation : 

Installed Generating Capacity 

in M.W. 157.4 163.80 200.33 225.6 256.7 256.7 256.7 286.7 
Aggeregate demand in MW. 130.8 146.00 143.60 151.9 181.6 208.6 233.85 252.35 
Units generated in Millions. 630.97 730.85 701.66 758.7 933.6 1053.28 1135.20 1344.92 

II. Transmission : 

Length of E.H.T. & H.T. lines 

in miles. 4355 4829 5022 5420 6101 7343 9065 10,465 
Length of L.T. lines in miles. 4580 4498 4926 5140 5932 8128 11006 13,867 

Ill. Rural Electrification : 
Number of villages electrified. 1613 1820 1981 2089 2392 3321 5016 6,373 
Number of pumpsets connected. 14,373 15,904 18,481 21,733 24,654 32,440 45,173 62,561 
IV. Miscellaneous : 

Number of distribution trans- 

formers. 1591 1884 2692 2197 2648 3773 5286 6642 
No. of consumers in lakhs. 2.50 2.94 3.22 3.41 3.57 4.26 4.59 5.9 
Gross revenue in lakhs of Rs. 336.71 409.85 431.45 480.51 597.25 703.08 815.43 1033 





tion of electricity which is a recognised index of the 
economic advance of any State was 25 units at the 
end of the first Plan period. This figure has now increas- 
ed to 36 units and it is hoped to raise this figure to 60 
units by the end of the second Plan period. 


Future Plans 

The power demand of the Madras Grid has been 
steadily on the increase. To meet the growing demand 
which is expected to be of the order of 549,000 kW in 
1961-62, new power sources have to be tapped. 
Two of the most important schemes, the investigation 
of which have just been completed, are the Mettur 
Tunnel Scheme to utilise the irrigation discharge at 
Mettur Dam which will give 200,000 kW seasonal 
power for seven months and the Kumbar-Amara- 
vathi Hydro Electric Scheme in the Palni Hills which 
will add 20,000 kW to the Grid. The field investiga- 
tion of the Palar-Porandalar Scheme in the Madurai 
District have just been completed while the 





coal is to be transported over a distance of about 
1300 miles. It may reasonably be expected that the 
pit head price of coal will increase during the next few 
years while the cost of atomic power will become pro- 
gressively cheaper as a result of technical advances 
leading to higher operation, temperature, higher effi- 
ciency and lower capital cost. Atomic energy is ex- 
pected to provide the primary necessity of all indus- 
trialisation viz., electric power with less burden to 
the economy than coal in regions remote from coal 
fields. Installation of an atomic reactor in Madras 
State will therefore become imminent either in the 
third or fourth Plan period to meet the ever-increasing 
demand of the State. 


We hope to march ahead in the field of socio-econo- 
mic development of our State by the spread of elec- 
tricity, especially to the rural areas, and raise the 
standard of living of the common man and bring 
brightness and happineotss every home. 





Rural Electrification in 
Madras State under the 


Five Year Plans 





The present Madras State has an area of 50,170 sq. 
miles and comprises about 19,900 revenue villages 
and about 300 towns. Of a total population of about 
30 millions, 75% i.e. 22.5 millions live in villages. 
To Madras, as for the rest of India, rural electrification 
has therefore a special significance as it would improve 
the economic status of rural population by increasing 
the food productivity and promote rural welfare by 
providing an environment equal in comfort and 
convenience to that enjoyed by the rural population. 
Rural electrification is therefore a powerful factor to 
prevent the exodus of the rural population to urban 
areas where higher wages and greater amenities exist. 


First Five Year Plan 

The first Five Year Plan for Madras State had 
yielded record results in various spheres and parti- 
cularly in the development of electricity. A target 
of extending supply to 250 villages per annum (1,250 
villages for the entire Plan period) was fixed for the 
composite State of Madras. The actual achievement 
for the ‘‘Residuary State” (i.e. after the partition of 
Andhra State) was extension of supply to over 1,700 
villages and connecting up more than 18,000 pumpsets. 
This is much more than the targets fixed for the 
composite State. This was achieved mainly due to 
the increased activities in the sphere of rural 
electrification during the last two years of the first 
Manperiod, consequent on the Government of India 
granting a loan of Rs. 3 crores for this purpose. 
During the last two years of the plan period 1,231 
villages were given the benefits of electricity as com- 
pared to 1,707 villages during the entire first Plan 
period. About 3,000 miles of H.T. lines and 4,500 
miles of L.T. lines were erected during the first Plan 
period for taking cheap electric power to the villages. 


Table I below gives the All India and Madras 
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achievements in respect of extension of supply to 
villages and towns during the first Plan period. 


At the end of the first Plan period 3,320 villages 
were electrified in the Madras State. Though Madras 
leads the rest of India in rural electrification, it has to 
be admitted that we are still on the fringe of the 
problem of spreading electricity to all the villages 
and hamlets of the State. 


Second Five Year Plan 

Outlay and Targets: The power schemes of the 
Madras State included in the Second Five Year Plan 
are estimated to cost Rs. 53.25 crores. The provision 
for transmission and distribution project in the power 
plan amounts to Rs. 1632.00 lakhs The transmission 
and distribution project envisages the construction of 
a number of secondary transmission lines required for 
taking the additional power to the remotest corners of 
the State for increase in production of agriculture 
and for processing rural and agricultural industries. 


In view of the considerable importance attached to 
rural electrification the first Five Year Plan target of 
extending supply to 250 villages per annum was 
doubled when the second Plan schemes were formula- 
ted. This was revised to 1,000 villages per annum 
due to the keen interest of the rural people to have 
the benefits of electric power. The second Five Year 
Plan as at present schemed will result in an extension 
of supply to more than 5,000 villages during the second 
Plan period. Table II below gives the comparison of 
National and State targets during the second Plan 
period. 











Tas_e I 
All India Madras 
1950-51 1955-56 % increase 1950-51 1955-56 %incrense 
No. of villages and towns electrified 3,687 7,400 100 1,731 3,543 105 
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Taste IT 
All India Madras 
a - _ _ __ 1955-56 © 1960-6] % increase 1955-56 1960-61 % increase 
No. of villages and towns to be electrified 7,400 18,000 143 3,543 8,900 151 





Progress : The actual achievements for the first 
two years of the plan period in the Boar’s area alone 
are given below :— 

Ist Year 1956-57 1279 
2nd Year 1957-58 1320 


Table III gives the district wise break up of towns, 
villages and hamlets electrified as on 1-4-1958. 


TABLE IV 





1956-57 Ist yearof2nd Rs. 514 lakhs (actuals) 


plan period 
1957-58 Second year Rs. 439 lakhs (final 
grant 


1958-59 Third year Rs. 306 lakhs (budget) 








Tasie III 





As per 1951 census book 





Electrified as no 1-4-1958. 

















Sl. No. District Towns Revenue Total Towns Revenue Hamtets Total Total 
villages villages 
Whose Whose 

main vil- main vil- 

lages are lages are 

not elec- eiectrified 

trified 

2. Madras l wi 1 1 nd ae ae is 1 
2. Chingleput 20 2034 2054 19 674 13 221 224 917 
3. Coimbatore 22 941 963 “ 455 105 821 926 1403 
4. Kanyakumari 20 1065 1985 17 191 5 56 61 269 
5. Madurai 26 1147 1173 26 303 41 248 289 618 
6. Nilgiris 4 47 51 4 33 2 239 241 278 
Zi North Arcot 22 1854 1876 22 479 21 244 265 766 
8. Ramanathapuram 33 3710 3743 31 247 37 174 211 439 
9. Salem 19 1877 1896 19 234 44 119 163 416 
10. South Arcot 18 2256 2274 15 131 4 55 59 205 
ll. Tanjore 29 2393 2422 28 314 49 62 111 453 
12. Tiruchirapalli 32 1524 1556 24 198 41 80 121 345 
13. Tirunelveli 49 1063 1112 40 243 43 157 200 483 
295 1991] 20206 268 3502 405 2466 2871 6641 





It will be seen from the table that 91°% of the towns 
and 19.6% of the revenue villages as per 1951 census 
have been electrified apart from 2466 hamlets. 


At the end of the first plan period only 7,400 villages 
and towns or 1.33% of the 5,61,107 villages and towns 
in the Indian union had the benefits of electricity. 


Expenditure : The expenditure in respect of rural 
electrification during the second Plan period is given in 
the Table IV. 


Agricultural Development : At present, electricity is 
used in villages, mainly for lift irrigation. Nearly 70% 
of the power consumed in villages or about 19% of the 
total consumption in the State is used up by agricultural 
pumpsets. There are at present nearly 70,000 pumpsets 
inthe State using power from the Grid. The increased 
use of electricity for pumpsets can be seen from the 
graph on the next page. 


With the redoubling of the target in respect of 
villages to be electrified to 1,000 the target of con- 
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RURAL ELECTRIFICATION IN MADRAS STATE. 





8. Consumption of pumping load 

to the total consumption of 

energy in the State 19%, 
9. Consumption of powe: for 

irrigation peracreofland 800 units. 
10. Cost for the above power Rs. 40/- 

















ee Saeenee 
: Rural Industries 
sooo! Out of about 14,000 industrial services 
H in the State, about 5600 are in rural 
a Po areas. The total connected load isabout 
- 30 mW for the rural industries. In view 
. | of the increased developmental activities, 
ie eee during the Plan period, the demand due 
Ss B to these industries is expected to increase 
= 4000, 4ncoo| by about 5 to 6 mW annually. 
a Oo 
| 3 Difficulties encountered 
4 $000) 40004 © Supports: In view of the stringent 
> ’ foreign exchange situation and scarcity 
Pe 2 of steel prevalent in this country and the 
: | world over, steel supports are not availa- 
i ble to meet the requirements. R. C. C. 
3eod zapno and wood poles are now being used ex- 
| tensively and steel ——- conserved 
ae aid) for fabrication of special structures. The 
| R.C.C. poles are cast at a number of 
| centres all over the State in standard 
1000] B00 lengths of 24 feet, 27 feet and 30 feet 
for use as L.T. and H.T. line supports. 
: During 1957-58 about 45,000 poles of 
1950-5!’ Gi-52 52-53 55-54 54-55 55°56 ]56°57 57-58, different sizes were manufactured in the 
aoe YEAR sealants various centres. Wood poles to the extent 
ve ven en ee ee se available are used in dry locations free 


from water and excessive moisture. The 








necting up 6,000 pumpsets per annum during the 
second Plan period was revised to 10,000. The achieve- 
ments during the first two vears of the Plan period are 
given below : 

1956-57 12,553 

1957-58 17,388 

In respect of utilisation of power for irrigation pur- 

poses, Madras State ranks first by way of consumers, 
consumption and eonnected load. 


Table V gives figures regarding the use of electricity 
in agriculture in Madras State. 


TABLE V. 
1. No. of agricultural services te 
the end of 1957-58. 62,561 
2. Average unit capacity of the 
pump 5.6 H.P. 
3. Acreage irrigated by one pump 
(average) 6.7 acres. 
4. Yield of food grain, in a year 
per pump 3 to 4.5 tons 


. Pump lift range 10 ft. to 110 ft. 
. Total connected load of pump- 
ing installation at the end of 
57-58 2,62,000 kW. 
(Approximate) 


—_ -* 
> ww 


co | 


. Power consumed by electric 
pumps alone in 1957-58 


214 million 
units (Appx.) 


various species of wood poles used are 
teak, palmyrah, bluegum, pine etc. 


Cross Arm : Though steel cross arms are generally 
used for both L.T. and H.T. lines, wood cross arms 
for wood poles and R.C.C. cross arms for R.C.C. poles 
are also used to effect economy and conserve steel. 


Conductors and Insulators : All the requirements of 
conductors, L.T. insulators and a good proportion of 
11 kV insulators are purchased from indigenous 
sources 22 kV insulators are however being imported 
as no suitable offers are forthcoming from indigenous 
manufacturers. 


Single phase distribution : With the completion of 
electrification of most of the major villages near the 
secondary transmission lines, the Board is faced with 
the problem of extending supply to remote villages 
with only lighting load potentiality. In such cases it 
is planned to develop single phase distribution with 
single phase distribution transformers of 15 kVA 
capacity. Single phase 11 kV or 22 kV lines are now 
being constructed and the voltage stepped down to 
237 volts by means of 11 kV/ 237 V or 22 kV/237 V 
single phase transformers. The outgoing L.T. line will 
be a single phase two wire distribution line. 


Subsidy for Rural Electrification in Madras State 

In the Madras State a rural extension is adjudged 
to be remunerative if the annual revenue over a ten 
year period is at least 10°, of the capital cost of the 
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extension. It was found that such an extension when 
added on to the existing operating system had not 
affected, the financial sources of the system to below 
its interest earning level. With the present day in- 
creased cost for materials and equipments it is found 
that the working expenses amount to actually 18.2%. 


If the addition of a rural extension should not 
adversely affect the present position of self remunera- 
tive aspect, the new extension should therefore give an 
annual return of at least 18% on the capital cost. 
The present figure of 10% return for considering an 
extension remunerative is obviously inadequate. 
Even to get this 10% estimated return, it is more 
often necessary to obtain special minimum guarantee 
from the consumers and this has been at present 
limited to Rs. 50/HP/per year. The need for asking 
for special guarantee has, in a way, restricted rural 
development in backward areas though most of the 
applicantsare willing to pay the guarantee in a namber 
of cases, with a view to get power for agricultural 
purposes. [t is thus evident that with the existing 
tariffs, rural extension schemes cannot be self-suffi- 
cient and cannot be formulated without a subsidy. 
This subsidy can be in the form of (1) an outright 
grant to meet the capital either in full or part or (2) 
an interest free loan to meet the capital either full 
or in part or (3) an annual subsidy to meet the short 
fall of revenue required to cover the working expenses 
including interest. 


The Government of India have been examining 
this question some time past and have constituted a 
Study group. The Study group have recommended 
that interest free loans for a period of five years upto 
25°, of the capita! outlay on rural electrification may 
be made available to the States. The recent Irrigation 
and Power Seminar held at Srinagar (June 1958) 
considered the recommendation of the Study group 


Continued from page 13 
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and felt that the financial assistance proposed by the 
Study group would not achieve the results desired. 


However they resolved to give a fair trial and stres- 
sed the Government of India to sanction the same 
early in order to enable the States to expeditiously 
implement their projected schemes. If the loan is 
made available, the benefits of electricity can be ex- 
tended to about 1200 villages in Madras State for 
which schemes were formulated and found to be 
unremunerative. 


Electrification of Harijan Colony 

It has been decided as the policy of the Board that 
for all new schemes the Panchayat Board should be 
persuaded to include at least a few street lights in 
the Harijan colony of each village. In respect of villa- 
ges already having supply and in which the Harijan 
Colony do not derive the benefits, it was estimated 
that a total sum of Rs. 15 lakhs would be required to 
extend the benefits. Commencing from 1957-58 the 
Government of Madras are diverting Rs. 1.5 lakhs 
per annum from the Harijan Welfare fund as grant in 
aid to the Electricity Board to extend electricity to 
their streets as a first step to improve their living 
conditions. 


Conclusion 

Utmost economy is adopted to extend electricity 
to the rural areas and constant efforts are being made 
to reduce the cost of these extensions. Some of the 
provisions of the Indian Electricity Rules have been 
partially relaxed in the design and construction of 
rural lines with a view to effect economy consistent 
with reasonable safety and case of operation and 
maintenance. 


It is our intention to extend electricity to all 
villages in the State and electrify each home in every 
village in as short a time as possible. 


New Power Schemes in Madras State 


B. UNDER CONSTRUCTION : 


Hydro: 

1. Periyar ma 105,000 140,000 

2. Kundeah (Initial phase) 180,000 235,000 
285,000 375,000 





C. ScHEMES ALREADY INVESTIGATED: 

Hydro: 

1. Mettur Tunnel Scheme 

2. Kumbar-Amaravathy Hydro 
Electric Scheme 


200,000 200,000 


20,000 
220,000 


20.000 
220,000 
D. Bux SuppLty PurcHASE: : 

Hydro Power from Kerala 


State (As at present) 5,000 
Thermal power from Neyveli 
Thermal Station (by 1961) 200,000 


E. ScHEMES UNDER INVESTIGATION: Continous power 
output in kW. 


1. Kundeh (Ultimate phase) 67,000 
2. Palar Porandalar 20,000 
3. Coonoor—Kateri 52,000 





Note—Inter-State schemes have not been included as the negotia- 
tions between the various Governments are still under progress. 


Interstate Schemes 


It could be seen from the above that there are not 
many schemes within the State for hydre-electric 
development. Even these that are investigated can 
add only about 350 M.W. which is very meagre com- 
pared to the needs of theState. Ofcourse, there are a 
number of schemes of inter-State nature which can 
mest both the irrigation and power needs of Madras 
State. To investigate them in detail we need the 
concurrence of the neighbouring States. 


Negotiations are already taking place at Govern- 
ment level for taking up a few schemes but it may 
take considerable time before an agreement is reached. 
The Government of India in the meanwhile are consi- 
dering the introduction of a bill in the Parliament which 
would give them powers for the speedy development of 
such schemes. Pending these, the State Electricity 
Board may have to resort to nuclear generation to 
meet the ever-increasing demand in the State and 
Madras State has a very strong case for a nuclear 
station in the third Plan period. 
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electrical and hydraulical machines 
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“ENGLISH ELECTRIC 


Leads the field in EVERY phase 


of Power Generation 




















HYDRO. One of two 37.5 MW Water Turbine Generating 
Sets installed at Hirakud Power Station, Orissa. In the past 
10 years the Company has supplied the entire plant for four major 
hydro-electric stations in India—Radhanagari, Nizamsagar, Sarda 
and Sengulam, and is manufacturing five—50 MW Water 
Turbine Generating Sets for the Rihand Power Station, U. P. 


NUCLEAR. The first 500 MW Atomic Power Station (the world’s largest 
Nuclear station) is under construction at Hinkley Point, U.K., by the 
‘ENGLISH ELECTRIC’—Babcock & Wilcox—Taylor Woodrow Consortium. 
The English Electric Company is supplying six main 93.5 MW _ Turbo-Alter- 
nator Sets, three 33 MW Variable Speed Turbo-Alternator Sets and a fifteen- 
circuit 275 kV duplicate Busbar Switching Station. The Reactors to be used at 
this Power Station will be of ‘ENGLISH ELECTRIC’ design. 





STEAM. One of five 200 MW Steam Turbo-Alternators which 
the Company is supplying for the High Marnham Power Station, 
U. K. Early this year the Company received an order for two 
275 MW Steam Turbo-Alternators for the New Blyth Power 
Station, U. K., and the sets are the two largest in-line turbo- 
alternators of their kind (50 cycles) in the world. 








DIESEL. Three ‘English Electric’ Diesel Alternator Sets 
installed at Saateni Power Station, Zanzibar, The total output of 
the engines is 3,936 B.H.P. at 375 r.p.m. and the Station supplies 
the Island with a large part of its electricity, 








Tue ENGLISH ELECTRIC Company Limitep 


(Incorporated in England. 


New Delhi Calcutta Bombay Madras Lucknow 


Liability of Members Limited) 


EEC-49 


- ———E Manufacturers of the famous ‘ENGLISH ELECTRIC’ CANBERRA Jet Bombers | 





New Power Schemes in Madras State 





Resources 

The Madras State has no oil deposits. Until recently 
it was believed that it had no coal deposits either. 
Only a few decades back, lignite (brown coal) was 
located near Neyveli in the South Arcot district 
about 120 miles south of Madras City. The power deve- 
lopment in the earlier years was therefore mainly 
confined tc the hydro potentiality of the State. 


There is a fair number of water power sites in the 
State but the total potential hydro power is small 
compared to those in other States like Punjab, Uttar 
Pradesh or Bengal. The sites are mostly in the 
Western Ghats especially in the Nilgris and Palni 
ranges. A close estimate of the available power has 
not yet been made. Hydro electric surveys and hydro- 
metric works over several basins are still in progress. 
A rough estimate indicates that about a million kile- 
watt can be developed in the Madras State. Almost 
all the rivers of the State have small dry weather 
flow and hence the hydro schemes in the State involve 
storages. 


Most of the sites with large and economic power 
potential have already been investigated and develop- 
ed. With the demand of the grid continually on the 
increase, new power sites are being explored. 


Administration 

The investigation works were formerly carried out 
by two executive engineers one for hydro metric 
surveys and the other for hydro electric surveys. In 
view of the need to have sufficient number of schemes 
investigated and their reports approved by the Plan- 
ning Commission well in time for executionduring the 
third Plan period, a new circle exclusively for the 
investigation works has since been formed in line 
with the policy enunciated by the Planning Commis- 
sion. The circle, as desired by them, is functioning 
under the direct. guidance of the Chief Engineer for 
Electricity. 


Second Plan Outlay 
A sum of Rs. 19.5 lakhs has been included for the 
investigation of new schemes in the State during the 
second Plan period. , 


By V. P. APPADURAT 


Progress 

During the Plan period, the field investigations of 
the Mettur tunnel scheme, Kumbar-Amaravathy 
Hydro Electric Scheme and Palar-Porandalar Hydro 
Electric scheme have been completed. The investiga- 
tions of Kundah ultimate phase is now in progress. 
The scheme report for the Mettur tunnel scheme has 
already been forwarded to the Government of India 
and is now under scrutiny by the Projects Advisory 
committee constituted by the Planning Commission. 
The scheme report for the Kumbar-Amaravathy and 
Palar-Porandalar Hydro Electric Schemes are: under 
finalisation. 


The details of the schemes are given below. 


Mettur Tunnel Scheme 

In this scheme it is proposed to harness the large 
quantity of water that is being passed from the Mettur 
reservoir to the Cauvery river during the ,jrrigation 
season each year, for producing seasonal power and 
feeding into the Madras Power Grid. The Mettur 
Dam has got two sets of irrigation sluices, the high 
level and the low level, consisting of 5 vents of 
14’x7’ each through which irrigation requirements 
below the dam are discharged. No electric power 
is now being generated using the discharges from 
the irrigation sluices. The existing four hydro 
electric pipes have a diameter of 8.5 ft. and 
can discharge a maximum of 1250 cusecs for 
power purposes under a varying head of 60’ to 160’. 
From the irrigation discharges, it is seen that the ratio 
between the quantity of water passing through the 
hydro electric pipes compared to that passing through 
irrigation sluices during the irrigation period, lasting 
about 7 months in a year is about 1:5 (i.e.) a large 
quantity of water, about 5 times the quantity now 
producing power at Mettur, passes from the lake to 
the river without any power being produced from it. 
In the present scheme it is proposed to use all the water 


“Tet down for the irrigation of the Cauvery delta for 


purposes of power generation. 


me 
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Several alternatives were considered for seasona! 
power generation and it was finally decided that a 
tunnel scheme without interfering with the existing 
irrigation sluices will be the most suitable. It is propos- 
ed to bore a tunnel about 50 feet diameter on the 
left flank capable of discharging about 20,000 cusecs. 
There. will be 4 penstock pipes taking off from the 
surge shaft at the end of the tunnel, each feeding a 
50 M.W. generator set. The Power House will be 
far away from the dam structure and interference 
with the existing dam structures will be reduced to 
the minimum and practically all the water let down for 
irrigation requirements can be utilised for power gene- 
ration. The total installed capacity will be 200 M.W. 
The head will vary between 60’ and 160’. The power 
generated will be fed into the existing grid through a 
230 kV transmission line linking at Salem. This seas- 
onal power will be firmed up by Kundah, Pykara and 
Moyar Hydro Electric stations end Madras, Madura 
and Negveli thermal stations. 


Tho scheme is estimated to cost Rs. 13.32 crores. 


Kumbar-Amaravathi Hydro Electric Scheme 
The Scheme is situated in the Palni Hills. 


lt is proposed to have two storages on the upper 
reaches of the Kumbar river and a pick-up reservoir 
across Kumbar with F. R. L. 5060. The Power 
house will be located at + 2100 elevation. The maxi- 
mum gross head available for power development is 
2960 ft. The peak out put in an average year with 
60°, L. F. will be about 16,700 kW. and the installed 
capacity will be 20,000 kW. 


Palar-Porandalar Hydro Electric Scheme 
The two rivers Porandalar and Palar, with their 
source near Kodaikanal, drain the northern slopes of 
Palni Hills to join each other in the plains near Palni 
town to form the Shunmuga Nadi, a tributary of 
Amara vathi. 


The river Porandalar has a catchment area of 43 
sq. miles above the pickup reservoir site at about 
elevation + 3200. The power house will be located 
at + 1200 at the foot of the hills. 


The Palar has a catchment of about 27.74 sq. 
miles above the pickup reservoir site with bed level 
at about + 3600. The power house will be located 
at + 1300, at the foot of the gorge and on the left 
bank of the river. 


The continuous power that can be generated in both 
the power houses is expected to be about 20,000 kW. 


Kundah (ultimate phase) 

The ultimate phase of Kundah extensions, will be 
in continuation of the present scheme (initial phase) 
under execution. The scheme in brief is to add a third 
unit in Power House-I, a fifth unit in Power Heuse-II 
and the construction of a third Power House. The 
ultimate stage extensions will be investigated and got 
sanctioned before the completion of the initial phase 
in order that the execution of the ultimate phase may 
be taken up, as a continuation of the initial phase. 


The ultimate extensions comprise the following 
detailed works. 


1. Storages on the east and west Varehapallam 
streams. 

2. Interconnecting and diversion tunnels leading 
Varahapallam waters to Emerald-Avalanche reser- 
voirs. 

3. Diversion of western catchment waters into 
Porthimund reservoir and into the Avalanche-Emerald 
reservoirs. 

4. Adding one more penstock and one more unit 
respectively by in the power houses | & 2. 

5. Dam across Pegumbahalla forming forebay for 
power house No. 3. 


6. Pressure tunnel from forebay to surge shaft. 


7. Underground penstocks, power station No.3 and 
tail race for this power ‘house with a gross head of 
1,555 ft. 


Besides the above the falls between (¢) Upper Bhavani 
storage and Avalanche-Emerald reservoir (7) Porthi- 
mund and Avalanche-Emerald and (iii) Varahapallam 
storages and Avalanche-Emerald reservoirs will also 
be considered for power development at a later stage 
depending on their feasibility and economy. 


The extra-continuous power that can be generated 
at power house No.1 and 2 by the additions contempla- 
ted is 5.64 M.W. and 9.85 M.W. respectively. The 
increase by way of installed capacity in both the power 
houses will be 55,000 kW. The extra continuous power 
that can be generated at power house 3 under Stage 
IV is 51. 5. M.W. Thus, the total extra-continuous 
power that can be got from these 3 power houses with 
the completion of the ultimate phase as contemplated 
above will be 66. 999 M.W. or 67 M. W. 


The investigations of the 
commenced. 


Power Potential of Madras State 
The power potential of Madras State under different 
heads are given in the table below. 


scheme have just 


TABLE I 
Power Potential of Madras State 





Installed Capacity in 
kW. 











SI. 

No. Name of Power Station Present Ultimate 

A. EXISTING: 

Hydro: 

ig Pykara 70,200 = 73,200 

2. Mettur 40,000 40,000 

: E Papanasam 28,000 32,000 

4. Moyar 36,000 36,000 

Thermal: 

5. Madurai 14,009 14,000 

6. Madras 98,500 98,500 
286,700 293,700 





[Continued on page 10 
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THE BEST IS YET TO BE 


KAMANIS ever since the inception of the Transmission Tower Industry can pride them- 
selves as being pioneers in the same. Having a most up-to-date factory where designing, 
testing, fabrication and galvanising are all done under the same roof—perhaps the only 
one of its kind in India—they have so far designed 184 types of Towers, 92 types of sub- 
station structures and 28 types of Communication and Aerial Masts. Orders executed 
by KAMANIS and orders on hand aggregate to over 45,000 tons. 


THIS IS BUT A BEGINNING AND THE BEST IS YET TO BE: 


Also representing eminent Foreign Manufacturers 


KAMANI ENGINEERING CORPORATION LIMITED 

















Factory/Sales Office KAMANI CHAMBERS Branches at : 
Agra Road, Kurla North Nicol Road CALCUTTA/MADRAS/NEW 
BOMBAY 37 BOMBAY DELHI/JAIPUR/PATNA 
TELEGRAM: ‘“VITOPUS” Madras Telephones : 88926 & 88927 


GANNON DUNKERLEY & CO. (MADRAS) PRIVATE LTD., 
Civil, Sanitary & Constructional Engineers, 
14, Boag Road, Madras 17. 


Specialists in 
Design & Construction of R. C. C. and 
Prestressed Structures, Bridges, Water Supply & 
Drainage Schemes, Sanitary Installations etc. 


We have carried out a large volume of work in the construction 
of Quarters, Forebay Dam, Bridges, Power House etc. in 


PERIYAR PROJECT , 


Managing Agents for 
ASSOCIATED INDUSTRIAL & ENGINEERING CORPORATION LTD. 











Kundah Hydro-Electric Project 





The Kundah hydro-electric project is the sixth 
hydro electric project undertaken by the Department. 
It is the most important power project of the second 
Plan now under execution and is the biggest scheme 
sc far launched to develop the available power resour- 
ces of the State 


Location 

The plan and profile of the scheme is on the following 
page. Kundah basin is located in the western cat- 
chments between latitude 11°10’ and 11°25’ north and 
longitude76°30’ and 76°48’ east. The basinissituated to 
the south-east ofthe Pykara basin inthe Nilgiris. Two 
streams, the Avalanche and the Emerald, rising amidst 
the group of high peaks, Devabetta, Karaikada,Koulin- 
betta and Porthimund, all over 8,000 ft. in altitude, 
combine to form the Kundah river. After the conflu- 
ence, the river takes a south-easterly course and is 
joined by the Sillahalla near Mandanai at an altitude 
of 6,000 ft. The Kundah has then a fall of about 200 
ft. and runs in cascades for about 2,000 ft. to reach 
the bridge near Kundah village where it is joined by 
the Kanarahalla stream. Below the bridge the river 
runs in cascades till it reaches a level of 2,100 ft. above 
M.S. L. where it is joined by the Pegumbahalla stream. 
Beyond that confluence it runs in rapids for about a 
mile and half and later, in an easy gradient, down to 
its junction with the Bhavani at analtitude of 1,340 ft. 


Proposals 
The development of the Kundah basin in the Nil- 
giris hills is proposed to be taken up in two phases 
with three power stations. The initial phase involv- 
ing the construction of two power houses only has 
been investigated and is programmed to be taken up 
during the second Plan period. 


In the initial phase it is proposed to build four 
dams (including the forebay dam), two power tunnels, 
two inter-connecting tunnels, two sets of penstocks 
and two power stations. 


The first power station will be located on the right 
bank of Kundah river and the second power station 
on the left bank of Pegumbahalla stream about a 


By V. P. APPADORAI 


mile and half above its confluence with the Kundah 
river. 


The scheme was investigated in detail during the 
first Plan period itself. A scheme report was submitted 
to the Government and the Central Water and Power 
Commission during January, 1952. The scheme was 
revised after scrutiny by the Central Water and Power 
Commission. A revised scheme incorporating the 
suggestions of Mr. Monkhouse, an expert attached to 
the Central Water and Power Commission was sent 
to Government during February, 1954. This was 
scrutinised by the Central Water and Power Commis- 
sion as well as the Planning Commission and the Plan- 
ning Commission were kind eneugh to agree to com- 
mence the preliminary works connected with the 
scheme during the first Plan period itself. The scheme 
was sanctioned by the Government during September, 
1955. It is estimated to cost Rs. 35.44 crores for 
the initial phase now under execution. 


On account of the difficult foreign exchange posi- 
tion during the second Plan period, this scheme was 
included among other schemes for aid from the Cana- 
dian Government under the Colombo Plan. During 
December, 1955 a team of Canadian experts inspected 
the project site and gave a favourable report to their 
Government on technical soundness of the scheme. 
The Government of India then sent a delegation head- 
ed by Sri C. V. Narasimhan, I. C. S., the then Joint 
Secretary of the Ministry of Finance, together with the 
State Chief Enginner ofr Electricity Sri V. P. Appa- 
durai, to negotiate the terms of the aid etc. during 
May, 1956. The mission proved very successful. The 
Canadian Government who originally contemplated to 
give about 14 million dollars as aid to the scheme 
finally agreed to allot about 20 million dollars worth 
of machinery to the Kundah Project. The Chief 
Engineer for Electricity returned to India during 
June, 1956, after finalising the terms of the agree- 
ment etc. This scheme was then inaugurated on 29-6- 
1956 by the Union Minister for Finance, Sri C. D. 
Deshmukh. 
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SALIENT FEATURES OF THE SCHEME 


Emerald and Avalanche Dams with 
the Interconnected Tunnel 
The Emerald and Avalanche Dams are being built 
across the two arms of the Kundah river. Emerald 
and Avalanche streams. They are of stone masonry— 
gravity type—providing a total useful storage of 5,400 
million c. ft. The Avalanche Dam is about 186 ft. 
high and 1,200 ft. long at the top of the dam. The 
Emerald Dam is 212 ft. high and 1,060 ft. long at 





Emerald Dam 





Avalanche Dam 





the top. Both the reservoirs have a catchment area 
of about 22.6 square miles. The Emerald Dam is of 
non-overflow type with suitable scour vent of 77/5’ 
size. The Avalanche Dam. is of spillway type. It 
has a spillway of about 95 ft. wide and a scour vent 
of 7’/5’. The main power tunnel for Power House 
No. 1 takes off from this Dam. An intake of 10 ft. 
diameter is provided in the Dam. Both the reservoirs 
formed will be inter-connected by a tunnel of horse- 
shoe size (9’74” X9’7}”) with a discharge capacity of 
750 cusecs. 


Upper Bhavani Dam and Tunnel 

_ This Dam will be built across the 

Bhavani river at its upper reaches. 
The Dam will be 1,030 ft. long 
at its top, 246. high and 20 ft. wide 
at the top. The location of the Dam 
has just been fixed up. The storage 
of the reservoir formed is 3,047 m. c. 
ft. with a catchment area of 12.8 sq. 
miles. The reservoir is connected to 
the Avalanche reservoir through a 
tunnel of 8450 ft. long. 


Tunnel I 

The water from the Emerald and 
f Avalanche reservoir is taken through 
© a tunnel with a horse shoe section 
B 9’ 74” x9’ 74”. The tunnel is 15,500 ft. 
long with a discharge capacity of 750 
gcusecs. The work is being executed 
on contract by M/s. Gannonand Dun- 
kerly & Co., Ltd., Madras. The total 
cost of the contract works out to 
Rs. 85.65 lakhs. 


In view. of the long length of the 
tunnel, excavation is simultaneously 
done at about eight faces. Two shafts, 
one near Lawrence stream and other 
near Gayakandi stream at chainages 
3100 and 6400 have been sunk. In 
addition one addit at chaninage 10640 
has also been formed. At present 
works are in progress at six faces 
simultaneously. 


The tunnel commences with a 
10’0” diameter steel pipe for a dis- 
tance of 505 ft. and then the tunnel 
is excavated in rock. Concrete lining 
with suitable reinforcements will be 
made for a length of about 7400 ft. 
Balance will be a concrete lined one 
without reinforcement. 


Surge Shaft I 

The tunnel ends in a surge shaft 
which will be cut 35’ ft. in earth and 
balance in rock. The surge shaft will 
be 28 ft. in diameter in earth and 25 ft. 
in diameter in rock and 275 ft. deep. 
The excavation commenced during 
November, 1956. The walls of the 
surge shaft will be lined by R. C. C. 
with 5/8” and 1” diameter rods. 
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' Tunnel I. Drilling work in progress 


Penstock I 

The water is taken from the surge shaft through 
a steel pipe of 9’0” diameter, for a length of about 800’ 
embedded in a tunnel, At the end of these pipes, there 
will be a trifurcating manifold 108”/63” x 63” with 
three 63” butter-fly valves, 18” air-valves and the 
necessary metering equipment, stationed in a valve 
house. 


Two steel penstock pipes of diameter ranging 
from 63” to 51” and thickness 9/16” to 11/16” be- 
tween anchor 7 to 6 and 5/16” to 1/2” between anchors 
6 to terminal anchor carry the water from the Valve 
House to the Power House. The pipes are made out 
of special type of high tensile steel—U.S.T.-I. steel— 
with a yield strength of 90,000 Ibs. per sq. inch. This 
is the first time, such a type of steel is used in this 


Power House I. 
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State. This has three times the yield strength of 
ordinary steel and readily weldable without preheating 
or stress relieving, with an atmospheric corrosive 
resistance of 4 times that much of carbon steel. The 
total length of the pipe line works out to about 3,300 
ft. The pipes will be carried on saddles one for each 
piece. High pressure valves will be provided for each 
of the penstock pipes near the Power House end. Two 
penstocks are laid initially feeding two units and a third 
one will be added later. The pipes are supplied by M/s. 
Davie Ship Building Co., Canada. 


Power House I 
The Power House building will be of structural steel 
frame and stone masonry walls. The building will 
be 202 ft. long, 78 ft. wide and about 50 ft. high from 
the generator floor level. This is designed to accommo- 
date all the three generating units of the ultimate stage 
of development. 


Power Plant I 
The power plant will consist of two multiple jet 
impulse type turbines supplied by Dominion Engi- 
neering Co. of Canada rated at 28750 H.P., 428 RPM 
each coupled to 20,000 kW (24000 kVA), 11 kV 50 
cycles 3 phase generators of Canadian Westing house 
make. 


Transformer Yard 

The transformer yard will be close to the Power 
Station. There will be six 8000.kVA 11 kV/110 kV 
single phase tansformers for stepping up the voltage 
to 110 kV. The transformers are of Canadian General 
Electric make. Provisions will be made for 3 more 
single phase transformers to be installed at a later 
date. From the yard, D.C. 110 kV line takes off 
to Power House No. II. 


Kundah Palam Dam 

The tail race water from Power House I will drain 
in the Kundah river near the Kundah Palam village, 
where it is joined by the Kanarihalla 
stream. A forebay Dam—Kundah 
Palam Dam—of masonry gravity 
type is being constructed to form a 
"small forebay with 55 m.c ft. storage 
capacity. The dam is 560 ft. long and 
15ft. wideat top. The height of thedam 
is 2bout 95 ft. It has a spillway of 95 
4 ft. long between chainages 140 and 235. 
=4 A scour vent of 12’ x8’ is provided in 
the dam witha regular and emergency 
gates. An intake for Tunnel II of 
11’-3” steel pipe is provided with an 


emergency and regular gates at 
chainage 350 ft. 
Tunnel II 


The water from the forebay is taken 
through another tunnel for a distance 
4 of about 12400 ft. Thetunnelis of horse 
ties Shoe shape of 11’ x 11’ witha maximum 
discharge capacity of 1000 cusecs, The 
work has been given on contract to 
“4 M/s. Hind Constructions Ltd. for a 

sum of Rs. 54.20 lakhs during July, 
1957. 
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Kundah Palem Forebay Dam 


The tunnel commences from 11’ upstream of the 
central axis of the dam with an intake piece of 13’-8” 
in length. Beyond this point, a steel lined tunnel of 
11’-3” dia. is taken for a length of 180’. 


The tunnel throughout its length is lined with cement 
concrete of thickness varying from 8” to 12’. In 
bad patches they are also reinforced with 5/8” dia. 
rods wherever considered necessary. 


The tunnel length is about 11553 ft. from the centre 
line of the dam to centre line of the surge shaft. The 
excavation work is now being carried out at 8 faces. 
There are two addits, one at chainage 1200 and other 
at chainage 5743. Between chainage 10686 and 11126 
there is a low saddle and the tunnel does not have the 
required coverage of 120 ft. at this portion. Hence, 
it is proposed to have a steel pipe of 11’-3” dia. embed- 
ded in rock in this low saddle Foralength of 440 ft. 
the steel pipe will be encased in a bed of concrete. For 
320 ft. it will be 11’-3” steel pipe lined tunnel beyond 
which the tunnel will be reinforced. 


Surge Shaft and Pipe Tunnel 
Tunnel IT ends in a surge shaft which is partially 
embedded in rock. The shaft is 40’ in diameter for 
a depth of 87’ from the top and then 25 ft. to the bed 
of the tunnel. The total depth of the shaft is 225 ft. 


The water from the shaft is taken through R.C.C. 
tunnel of horse shoe shape of size 11’-0” for a length of 
750 ft. Beyond this pipe line tunnel of 10’-9” is 
provided for a length of 70’. The manifold starts from 
here. 


The manifold is of 10’-9” 
‘nternal diameter. It bifurcates 
nto two pipes. Then one tri- 
‘urcates into 3 of 4’9” diameter 
dipes. The other bifurcates into 
& 2 of 4’-9” diameter pipes. 


. The water is then taken down 
* hrough penstock pipes. Initi- 
ully 4 pipes are laid and provi- 
sion is made for the 5th one. 
The diameter of the penstocks 
varies from 4’-9” to 3’9’ with 
their thickness ranging from 
5/8’ at the top to 13/16” near 
the terminal tower. The total 
length of each pipe works out to 
vbout 5,300 ft. of which the 
first 700 ft. is of A.S. T. M. Steel 
and the rest of special type 
U.S. ‘T’ I. Steel (High Tensile 
Steel). 


Power House—IT 

The 4 pipes terminate them- 
selves at the four turbines of 
50,000 H. P. vertical multiple 
jet impulse wheels 428 RPM. 
poof 35000 kW each capacity. 
The Power House is of structura! 
steel frame and masonry walls 
and of size 302 ft. long and 78 ft. 
wide and about 50 ft. high above 
generator floor. This will ultimately house five 35.000 
kW. generators. . 


Plant II and Transformer Yard 
The generating machinery consists of four impulse 
type turbines of 50,000 H.P. each, of Dominion 
Engineering make each coupled with 35,000 kW. 
©. G. E. generators 3 phase 11 kV 50 cycles. Space 
has also been provided for the 5th unit in the Power 
House. 


The tail race of the Power House drains in the 
Pegumbahalla stream. The transformer yard will be 
adjacent to the Power Station. On account of the 
difficult terrain, and in order to avoid excessive rock 
cutting the transformer yard will be stationed at twe 
levels. The yard will be divided into two sections, one 
for the 110 kV side and either for the 230 kV side. 
The 110 kV _ bays are adjacent to the Power House 
and the 230 kV bays are beyond the 110 kV portion. 


In the 110 kV section. the yard will have four 
42,000 kVA Power transformers 3 phase units of 
11 kV/110 kV and nine 110 kV circuit breakers of 
2500 MVA rupturing capacity. Provision has been 
made for the 5th transformer in this bay. 


The lines from Kundah Power House I terminate in 
this bay. A double circuit 110 kV line takes off from 
this substation to Tudialur to link up with the grid, 
on the 110 kV side. 


The 230 kV portion of the yard contains three 
50,000 kVA 3 phase auto-transformers 110 kV/230 
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kV, one 230 kV 3 phase 3500 MVA circuit breaker 
and other equipments. From the 230 kV bay, 
one single circuit 230 kV line takes off to Salem. 
Provision has been made for another line from this 
yard at a later date under ultimate stage of develop- 
ment. 


Transmission System 

The transmission system covers the Coimbatore Dis- 
trict, Salem District, South Arcot District andChingle- 
put District. The transmission system comprises 287 
miles of 230kV S.C. line with (42/0. 1376 Al + 7/0764 
St) 795000 CM A. C. S. R. conductor and 30 miles of 
110 kV D.C. line with 6/.2109 Al + 7/.0703 St. 266800 
A.C.S.R. conductors. 


Carrier communication and relaying will be provided 
on the 230 kV line. On the 110 kV lines carrier 
communication alone is provided. 


Substations 
The power will be stepped down to 110 kV at Salem 
and Villivakkam and fed into the 110 kV systems of 
the Substations and Grid. Additional transformers 
will be installed as follows:— 


Salem: Two 50 MVA 230 kV/110kV auto-Trans- 
formers. 


Villivakkam Two 50 MVA 230 kV/110 kV auto 


transformers. 


For system stabilisation, 2 25 MVAR synchronous, 
condenser will also be installed in the Villivakkam 
S.S. The Kundah Power Houses will also be intercon- 
nected with the existing grid at Thudiyalur. 


Canadian Aid 

We have been fortunate in getting the Canadian 
Aid for this scheme under Colombo Plan by way of 
machinery and materials. By an agreement signed 
at New Delhi on 29th December, 1956, the 
Government of Canada have agreed to give aid 
to the extent of 20 million dollars (about Rs. 10 
crores). This aid was found to be not adequate to 
complete the transmission lines and complete the pro- 
ject in all respects. So the Government of Canada was 
approached for an additional aid of 5 million dollars 
tocompletetheproject. The CanadianGovernment has 
generously agreed to give this additional amount and 
the total aid comes to about 12.5 crores of rupees. 
The aid has come as a great boon to us especially 
during these hard days of stringent foreign exchange 
situation. 


Orders for most of the major equipments were placed 
in December, 1956. The construction machinery have 
already been received and are on use in the project. 
A major portion of the penstock pipes have already 
been received at site. The rest of the pipes have been 
shipped and are expected atsiteshortly. Thestructu- 
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ral steel for Power House building have been received 
and the structures are under erection. During last 
year, materials worth about Rs. 48 lakhs have been 
received from Canada, During the current year all 
the pipes and other materials costing about Rs. 622 
lakhs would be received. Almost all the main 
equipment will be delivered at site as per schedule 
before the end of 1959. 


Present Progress of Works 

The works are in full swing at the three Dam sites, 
2 Tunnels, 2 penstock slopes. 2 Power House sites 
etc. The excavations at the Dam sites are almost com- 
plete and masonry works are in good progress at the 
Avalanche, Emerald and Kundapalam Dam sites. 
The embedded parts for the scour vents are expected 
shortly and will be arranged to be installed in their 
respective locations. 


In Tunnel I, about 8000 ft. of excavation has been 
done. At Tunnel II, about 3000 ft. of excavation is 
completed. Both the penstock slopes have been graded 
and foundations for anchors are being laid in Penstock 
I. The track line for Penstock I is completed and for 
II is in Progress. 


The surge shaft excavation at I is over and at II 
is nearing completion. They are being lined up with 
concrete. 


At Power House I the excavations for Power House 
structural foundations are over and the first stage 
concreting for Power House structures are in progress. 
At Power House II site, the excavation for machine 
foundations are nearing completion. 


The low pressure pipes have becn received at site 
and the penstocks have been shipped. Work on the 
110 kV line is already in progress, anda major portion 
of the 110 kV line materials have been received. 


Programme 
The works are proceeding as per programme. The 
Ist unit is expected to be commissioned during April, 
1960 and all the rest before the end of 1960. 


This is a2 mammoth scheme undertaken for the 
first time insuch an unprecedented scale in the history 
of the Department. Brisk activities can be witnessed 
simultaneously at all the workspots of the project. 
It isan ambitious scheme programmed for completion 
in a record time of four years, All the staff are putting 
forth their full efforts in order to achieve this target 
and show to their Canadian brother engineers how 
much the Madras Indian engineers can do after 
independance. 


The scheme on completion will make available to 
the grid 1,80,000 kW of installed capacity. This will 
greatly relieve the power shortage now being experienc- 
ed during summer in this pa. t of the subcontinent. 








Periyar Tunnel Works 





The diversion tunnel constructed for Power develop- 
ment in the Periyar Hydro Electric Scheme commonly 
called the periyar tunnel for a discharge of 1600 
cusecs, is the second medium size tunnel executed 
by the Madras Government Electricity Department 
after Machkund tunnels. This ccsts 34.5 lakhs, in- 
cluding surge shaft and pipe tunnel. Periyar lake 
water after emerging out of the irrigation tunnel is 
diverted through power tunnel, by construction of 
a small dam 400 feet, downstream taken to surge 
shaft and then through penstock to the Power House 
for generating power. 


This tunnel is 3,992 ft. long completely concrete 
lined with 150.13 sq. ft. waterway and a total bed 
fall of 33.7 from forebay to surge shaft (slope 
1/116.54) The tunnel has been bored through good 
rock and involves an excavation of 8,74,237 cft.«f 
rock and 2,23,936 eft. of concrete lining. The maxi- 
mum cover over the tunnel is 348 ft. with a minimum 
of 28 ft. The tunnel has three bends, (as shown in 
sketch figure 1). 


The works connected with tunnel, surge shaft and 
pipe tunnel were entrusted to M/s Patel Engineering 
Company, Limited, their rates being lowest in the 
tenders. According to the conditions of the contract, 
Depaitment had to provide : 





1. Access roads to work spots. 

2. Services like electric power. 

3. Water supply during irrigation tunnel closure 
period. 

. Magazine for storing explosives. 

. Medical aid and health measures. 


Ct 


Tunnelling works 

General arrangements of work, in the first instance, 
were to tackle in three faces simultaneously in accor- 
dance with modern methods. The adit at about 
1,100 ft. from the inlet provided two faces, with the 
third from the forebay dam. Later on to accelerate 
the progress, fourth face was made available at the 
surge shaft through a second adit. It was planned 
to cover maximum length through adit no.I. as it 
afforded greater facilities for disposal of muck and 


By 8. SUBRAMANIAM 


other movements of equipment. Accordingly, the 
adit tunnel was formed in 7/55 with a section of 
14’ x9’ sufficient to accommodate double line traffic 
for locos and two. ventilation ducts of 20” diameter. 


A second adit referred to above, of length 152.5 ft. 
shaft end 14’ x9’ section was formed with a grade of 
1/112 merging at surge shaft at R.L.2705. 





Power Tunnel Entry 


Full face tunnelling was carried out in all the faces 
working in three shifts adopting normal round of 5ft. 
As the excavation beyond pay-line was penalized by 
payment of Rs. 0-14-0 per eft., boring was done 3” 
inside the neat line of excavation and then the section 
was trimmed to the required profiles and grades. 








22 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—SEP. 1958 


Atlas and C.P.T. rock drills with penumatic 
pushers were used for drilling wotk. Drill steel used 
was 1}” round in section and the chisel inset was 
provided with tungsten carbide tips. The sizes of 
rods used were “, 5’-3”’, 7-10” and 10’-6” in 
length with 4}” and 3}” shanks. The average life of 
the bit was 350 ft. in micareous rock and 500 ft. in 
sound rock. One item of operation which was very 
valuable is the practice of removing all drill steels and 
rock drills to field workshop between rounds. They 
were carefully checked, bits ground where necessary 
and thus the drilling cycle began with a complete set 
of drill rods of adequate lengths in such a condition 
as to minimise the last drilling time for interruptions 
due to either rock drills or drill rods. 


2°-7 


Generally after experimentation 5’-0” round were 
adopted for major portion of the tunnelling with 
modified burn cut as shown in figure 2. About 55 to 
60 holes were drilled per round, 21 being above 
the axis level with the rest below. Five rock drills 
were used. The roof holes were diilled from a pipe 
timber platform rigged and fixed to the sides. Air 
pressure of 80 lbs. was obtainable at the end. 4” 
victualic pipe with suitable manifolds were used for 
the air mains. Supply of air was from one 560 
Cfm. and one 315 cfm. electrical compressors. 
The average drilling operation took 2 to 3 hours per 
round at Adit no. 1. 


After drilling operation is completed the holes 
were cleaned with compressed air and loaded with 
gelegnite 75°, to 80%, strength (supplied by Imperial 
Chemical Industries) in sticks of 1” x4” and 1” x8’ 
long. The charge used depended upon the length of 
hole. Holes were detonated with standard blasting 
delays from 0 to 4. The detonatcrs were connected in 
series and the two open ends ware joined to shot firing 
cable, (two loads of 1/044 V.I.R. wire used in this 
tunnel), which is taken to the exploder and blasted. 
The exploder used was of Bethoven make. The 
drilling and blasting pattern thus developed were 
effective both in case of operation and ease with which 
resulting spoil could be handled by showels. The 
explosives ratio was found to be 12 Ibs. per 100 eft. 
of rock blasted. 


Mucking was done by using pneumatic showel 
loader and diesel locos’ for haulagé. “‘U” shaped 
25 cft. capacity trucks were used for mucking. As 
the width of the track is 3’ at top, 2 trucks could 
éasily be accommodated in the tunnel. The loader 
usetl were :— 


Atlas Diesel 1/4 cu. yd. 

Gardner Denver 1/4 cu. yd. (G.D.9) 
Emico 21. 1/2 cu. yd. and 

Joy showel leader 1/4 cu. yd. 


The performance of Gardner Denver loader and 
Emico loader was very satisfactory. These loaders 
took 3 to 4 minutes for loading a truck, giving 15 
trucks per hour. The mucking time per round was 
4 hours. 12ft. slide rails were used at the heading for 
movement of loader upto the face changing the rails 
once in two blasts. 


Ventilation : Two electrical exhaust fans installed 
at the entrance of the adit for extracting gases 
and foul air from the tunnel served the purpose 
of ventilation. These fans were run by electrical 
motors, (Keith and Blackman) of 10 and 12.5 BHP,3 
phase 440 volts, 950 RPM and 2900 RPM respec- 
tively. The pumping capacity of the unit was 5,000 
cft./min. Two 20” dia. 10-14 gauge M. S. sheet 
pipes, one for each of the faces were provided as venti- 
lation shafts. They were installed and fixed to sides 
of the tunnel and supported at 5’ intervals. These 
pipes were manufactured in lengths of 8’ and 10’ by 
seam welding and the flanges were provided with 
1”x1”’x1/4” M.S. angle. Two pipes were joined 
by the flanges with rubber packing inserted in be- 
tween. The whole system was satisfactorily gas- 
tight. Similar arrangements were made at surge 
shaft end. A booster pump was installed at 1,000 ft. 
from adit to end ventilation for the maximum length 
of 2,200 ft. The ventilation pipes were taken upto 
300 ft. from face. Clearnace took one hour time. 


Illumination of Tunnel : The department supplied 
electric power at 400 volts at adit and surge shaft 
top, through 250 k.V.A. transformers of rating 22 
k.V./440. Distribution inside the tunnel and service 
connections for works were arranged by the company. 
Three phase line and neutral were run for tunnel 
lighting. The mixer and welding set were provided 
with 30 amps, D.P. switches at Adit junction. To 
avoid voltage drop even for lighting, 3 phase line 
was run using varying sizes of wires. The maximum 
distance covered by the lighting system was 2,200’ 
in face 3. 


Power Tunnel 
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Dewatering : Dewatering was not a serious problem 
though seepage existed at valley crossing which was 
not heavy. In faces 1 and 2 natural drainage through 
adit served the purpose, as the slope of the tunnel 
was towards the adit. In face 3, a deep sump pit was 
made at Ch. 1958 and at Ch. 2276 and the water 
collected was pumped through sump pumps connec- 
ted to a 4” main, draining to the adit. In face 4 
there was no seepage water. 


Survey work : Survey work assumes a very impor- 
tant item in any tunnel and equally so in this tunnel. 
Before commencing the first adit, the alignment 
which was fixed originally during investigation 
was checked hoth by triangulation and by actual 
measurements. The survey of adit no. 2 was difficult 
owing to steep terrain. Selection of a proper base 
line with broad angles was the main hindrance. 


During boring after every blast alignment was 
roughly marked by candles, extending suspended 
vlumb lines in the already bered section, and the 
tunnel axis marked correctly. The alignment pins 
were driven in the roof at 50’ intervals. Theodolite 
stations were marked on the floor by fixing MS. 
Plates at every 300ft. and punching. Levels were car- 
ried from established bench marks and at every 500 
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Table 1: Time cycle for boring a round of tunnel, 


5’-0". 


1. Survey : Marking centre 
line levels and posi- 
tion of drilled holes. 


30 Minutes. 


2. Drilling. 3 Hours. 

3. Charging and blasting. 1 Hoursand 30 Minutes 
4. Clearnace of gas etc. 1 Hour. 

5. Muckiag. 4 Hours. 

6. Changing track line and 


other preparation work. 1 Hour and30 minutes. 


Total 114 hours. 


Table No. 2 maximum progress on one faceduring a 


month. 


Total advance for a month. 


367/’-3” 


Rounds drilled and blasted. 66 
Advance per round. 5} ft. 
Average daily advance. 11.8 
Number of drills. 5 per round 
Number of holes per round. 62 

Total footage drilled during month. 23,372 1ft. 
Average footage drilled per round. 354 


Muck removed during the month per cu. 











ft. Inside the tunne! reference bench marks were fixed yard. 2,252 
in the side walls of tunnel. The maximum error in 
alignment when 2 faces met was found to be 7/16” Average explosive per cu. yard 3.30 Ibs. 
with no error in elevation. 
Months Face 1. Face 2. Face. 3. Face. 4. Total. 
7/55 21° 43’ 40’-0” POR 104’-6” 
8/55 126’ 104’-6” 94’-6” ant 325’ 
9/55 174’-6” 189’-0” 134’-0” pore 497’-6” 
10/55 67’-6” 2107-0” 169’-0” 446’-6” 
11/55 Faces met on 159’-6” 237’-0" 396’-6” 
13-11-55. 

12/55 — ere 367'-3” yan Be 367-3” 
1/56 . ae 320’-6” 46’-6” 367/-0” 
2/56 ‘ ; 326/-3” 236’-0” 562-3” 
3/56 ; ‘ 314’-3” 244’-0” 558’-3” 
4/55 ‘ ns 200’-6” 197’-9” 398’-3” 
- 389’ 706’-6” 2203’-3” 124’-3” 4023 ’-0” 
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Lining of the Tunnel 
The entire tunnel length was lined with concrete 
using reinforcement in special reaches vide fig. No. 1 
The following was specified for lining: 


1. Proportion of concrete 1:2 : 4 with graded metal. 
70% Lf” and 30% 2 ; river sand 90%, crusher sand 
10%. 


Form work :—Steel shutter in removable frames 
of 4’x2’ stable for pneumatic placer operation and 
power vibration. 


Mode of Operation: Levelling course of concrete 
to be laid first below finished line; sides and invert to be 
hand placed ; roof portion to be lined with pneumatic 
placer ; sides and arch to be laid in continuous opera- 
tions ; invert tc be laid finally. 


Mode of Supply of concrete: Mixers to be placed 
outside at adit and at surge shaft and conveyed or 
chuted, tip trucks being used for transport of mixed 
concrete. 


Reinforcement 
14” diameter rods double rows at 63” ¢ toe with 
3/8” distribution at 8” e/e. 


Lining was started in 3 faces viz., from forebay 
end towards adit 1, from Ch. 2318 towards surge shaft 
and adit finally closed at adit, the last 6 ft. bit being 
worked from inside and from the adit. 


The steel shutters comprised of 5” x 24” channel rib 
with 4” x 2” channel uprights framed in two pieces 
and jointed by bolts at crown, with steel plates of 
3/16” M.S. plates stiffened at borders with 14 angles 
and flats in sizes of 4’x2”. The structure was quite 
robust and easy to handle in the absence of telescopic 
type shutter. The lining operation was taken in normal 
lengthy of 20’ to 28’. 


The work was sta. ted with the above steel form work. 
As placers (supply from Sweden) were received a bit 
late, lining work could be started only ir third week cf 
July 1956. 


Mixing concrete outside as preplanned had to be 
abandoned since the same would become very stiff 
and consolidated in the trucks after conveying mcre 
than 1000 ft. due to jolting of the truck. Hence it 
was decided to keep the mixer inside suitably moun- 
ted to feed the placer direct. Hand placing concrete 
did not give rise to any problem but placer techrique. 
being new, presented initial teething trouble: . 


Placer Concreting 
Placer operation requires sufficient quantity -f air 
as well as pressure. Hence 1000 efm. of air supply 
at 80 to 90 Ibs. pressure per sq. inch. was arranged at 
each face. A receiver of 56 eft. capacity was used cou- 
pled to the placer. 


For inspecting the filling of the roof and sides above 
the springing level during placer operation, port holes 
were not provided in the shutter. Shutter plates were 


initially kept open. The fabrication of shutter plates 
did not permit easy insertion when the portion got 
filled. Subsequently slots of size 1’ x 1’ were cut in 
some of the panels for inspection and punning. 


There was enormous wear on the delivery bend 
due to shooting of conerete. This was solved by 
insertion of a replaceable lid over top of bend made cf 
special stecl and this was coated with weld once in every 
third operatioa. 


As the roof gets filled, the delivery pipe had to be 
withdrawn and air receiver connections being rigid 
lot of time was wasted in the movement. A dunlop 
rubber hose of 4” diameter was used for air connection 
and this could not withstand 100 Ibs. pressure. Hence 
these connections were made with victualic pipe joints 
in lengths of 2’ to 8’ to drag 6’ at a time for effective 
filling. 


Liberal water content for concrete wes needed to 
avoid blockade of delivery pipes and easy flow to the 
sides. 


The delivery pipe was 6” dia. as the tunnel lining 
was 8” minimum in normal section and 14” in R. C.C. 
reaches. 


Unfilled Pockets 
Careful supervision during roof filling was needed 
to avoid unfilled pockets in the roof. Trained men were 
needed for this job for satisfactory results. Generally 
placer concrete is not homogenous and will have to be 
grouted. Due to conjestion of reinforcement the lining 
of R. C. C. reaches presented many problems. Hand 
placing was resorted to a greater height in the case of 

R. C. C. resulting in poor progress. 


Seepage of water also presented difficulty for lining. 
Due to difficulty in conveying and placing of concrete, 
lap joint was avoided for the main reinforcement and 
welding was resorted after satisfying the results of 
sample lap joint. 


As the quarries for metal and sand were far off 
the cost for procuring these items was very high. 
Due to the above and various other valid causes the 
actual cost of lining was observed to be on the high side 
and took more than specified period. The progress of 
linin, was 16 ft. in R. C. C. and 56 ft. innormal sections 
per week. 


As per modern practice the tunnel was grovted after 
lining for filling cavities. Grouting was also done for ar- 
resting seepage before lining. Grouting after lining gave 
satisfactory results. he entire tunnel was more or less 
free of seepage though sweating in the R.C. C. reaches 
could not be thoroughly arrested. The tunnel is 
grouted with 0.88 cft. of cement per foot run. 


Surge shaft is a circular well of finished diameter of 
40 ft. and height of 148 ft. sunk at exit of the power 
tunnel. This work involved 2,03,260 eft. of rock 
excavation and 39,105 eft. of concrete for lining. 


| 
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Sinking of the shaft was taken up three months 
after commencing the power tunnel works with 
portable compressor for drilling, fuse coil blasting with 
light charges was adopted tilla depth of 30’ was reached 
to avoid accident in the Kumili-Periyakulam road by 
shooting of rock pieces. The sinking of the shaft 
with heavy traffic on the road below, demanded 
very great vigilance and perfect organisation. 





Surge Shaft 


Mucking by head load was resorted to till the shaft 
reached a depth of 30’ by which time the hoisting 
arrangement and installation of electrical compressor 
was completed. The shaft was divided roughly into 
four sections for excavation purposes, for alternating 
the operations. Excavation was done in 5’ rounds. 
Same type of rock drills and drill rods were used for 
drilling and electrical blasting adopted using instanta- 
neous detonators. Compressed air supply at this site 
was about 13,000 cft. per minute. 


Broken rock was loaded by manual labour into ‘V’ 
shaped trucks and hauled up by an electric hoist (Wolf 
hoist crane) of 5 ton capacity with boom extending to 
centre of shaft. The muck was disposed into natural 
valley nearby. The sinking of the shaft after reaching 
R. L. 2722, i. e. 7 ft. above of the roof of adit 2 was 
regulated to avoid lapping with power tunnel work 
below and then bored through. Sinking took four 
months. 


The shaft was lined with 14: 1 : 3 concrete, 1’-0’ 
thick with same proportion of agregates as power 
tunnel. Single row of 5/8” rods at 9” intervals cf 
hoop reinforcement and verticals at 1’ intervals 
were provided. Steel shuttering comprised 
of 4”x2” channel uprights with 4’x2” channel 
circular ribs and curved shutter plates similar to 
power tunnel. The channel uprights were anchored to 
bottom stage of concrete and at top tied to rock for 
rigidity. This was typical of its kind for shaft lining. 
Separate timber scaffolding was erected in an annular 
ring braced suitably for men to approach and take 
the concrete platform. Concrete was mixed at top 
using two Nos. 7/5 eft. mixers and chuted down. The 
conreting was done in stages of 5 ft. (lifts) in complete 
tings with rlacing concrete by hand and consolidating 
by pneumatic vibrators. The average progress was 


10 ft. per week. 
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The junction of pipe tunnel and surge shaft is 
of R. C. C. plug 20 ft. for embedding two square intake 
transition pieces for taking two 10’ diameter pipes. The 
concrete plug in between the two intake pieces is lined 
with 1/2’ M.S. plate fakricated to the shaft curvature. 
To ensure water tightness 1:14:3 concrete with usual 
propertion of aggregates as power tunnel was adopted. 
The plug wes formed in 24 ovetvtions continuously 
providing adequate keys in each stage. 


High pressure grouting was done both in the swge 
shaft and in the irtake plug. Very little grout was 
consumed eithe’ in the surge shaft lining or concrete 
plug. 


Survey 

Before commencing the work permanent reference 
points were established a: ground level such that two 
points were diametrically opposite the shaft and with 
the channel peint in the alignment of pipe tunnel. 
The distances and levels of these paints so located 
with reference to the centre of the shaft was corectly 
recorded. 


To start with a circle of 21 ft. radius was marked 
and excavation commenced. As the shaft was deepen- 
ed, the centre was fixed by drilling vertically 10 ft. 
in tne rock and fixing a rod. As the deepening was 
continued the centre was also deepened. The 
position of tne centre was accurately checked with 
the help of reference points at the top and at every 
10 ft. depth of the shaft. A weighty plumb was used 
for transferring the poincs. When the shaft sinking 
was completed the alignment of power tunnel was 
transferred inside the shaft by the usual ‘suspended 
plumb line methods adopted for shaft survey using 
“Piano” wire and a weight of 30 Ibs. (22 gauge). 


Pipe Tunnel 
To accomodate two 10’ diameter pipes a tunnel of size 
30’-6” of finished diameter, at 4’-6” from floor of the 
tunnel is formed. The slope of the tunnel} is 1 in 4.34 
and the horizontal length from the face of the surge 
shaft is 180 ft. 


In view of the steep slope and large section, the 
driving could not be done in full face. A pil t tunnel was 
bored trom either ends. After this was through, 
the tunnel was trimmed at the top to the required 
section and the bottom benched. The same equip- 
ment of the power tunnel were used for drilling. 
Ordinary blasting was adopted. Muck was manually 
lozded into tip trucks (1 cyd, trucks) and disposed 
into natural valley. 


The entire length of tunnel was lined with 1:2:4 
concrete using rail rib reinforcement. The concreting 
operation was done by manual labour using machine 
mixing inside the tunnel. To facilitate the lining 
operation the sides upto 5’-2’”" height were lined in 
advance, and the arch portion was tackled subsequent- 
ly taking 8 ft. at a time. The arch portion took 
24 hours and sometime more for completion. The work 
in the pipe tunnel was completed in advance to faci- 
litate erection of penstock pipes. 
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Conclusion 

The construction of power tunnel, surge shaft 
and pipe tunnel took 2 years and 9 months against the 
stipulated period of 2 years as per terms of contract. 
This delay was mostly due to the diversion of equip- 
ment and labour ete., for the irrigation tunnel works 
during the closure seasons of three months each in 56 
and 57. There were no special problems during 
execution of work hindering the progress. Trained 
men and machanices were employed on the job. Equip- 
ment being more or less new, the maintenance 
of machines was less costly. Generally there was no 
failure of machines due to want of experiened person- 
nel and spares. 


The cost of power tunnel worked to :— 


(a) Excavation: Re. 1-7-0 per Cft. 
(b) Lining Rs. 328/- per Rft. 


The finished tunnel costs Rs. 675/- per Rft. per 
including excavation, lining and grouting. 


The labour engaged by the tunnel contractors were 
insured. There were only three fatal accidents and 
many minor accidents. The details of the power and 
pipe tunnels and surge shift are given in the follow- 
ing statement :— 





Pipe Tunnel 


Surge Shaft 





Item Power Tunnel 
1. Area upto neatline of excavation. 182 Sft. 


2. Pay line of excavation. 


199.13 Sft. 
3. Final area of excavation. 217 (Av) Sft. 
4. Overbreak 35 Sft. 


5. Percentage of overbreak over neatline 19.2% 
of excavation. 


6. Minimum thickness of lining. 8” 
7. Average thickness of lining for pay- 


ment 12” 


8. Final thickness of lining (Average) 16” 


641.73 Sft. 
676.10 Sft. 
684” 
42.27 Sft. 
6.58%, 
16” sides and top 
12” bottom. 


22” at top and 
16” bottom. 


23” top 
17” bottom 


1385.44 Sft. 
1429.85 Sft. 
1483.44 Sft. 

98.00 Sft. 


ee 
7.08% 


]*.—” 
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Improvements to the Existing Irrigation Tunnel 


The details of the tunnel are as follows :— 


Length: 5892’ 
Bore: 12’ x 8’ 
Total bed fall: 78.75 
Average gradient: 1/74.7 


Discharge capacity: 1400 cusecs. 
Existing Shaft: 1. 17’x 17° x 60’ 
2 12’ x 6 x 120’ 
Improvements te the existing irrigation tunnel 
which has to discharge the maximum power draft 
of 1600 cusecs, consists in enlarging the sectional area 
of about 120 Sq. ft. to 199.13 sq. ft. with a finished 
water way 151.67 Sq. ft. after lining with6” minimum 
concrete. The existing emergency and regulating 
hand-operated gates were decided to be replaced by a 
new electrically operated regulation gate at shaft I. 
The leading channel, nearly 7000 ft. long, was lowered 
by 5 feet with the still at the inlet of the tunnel. A 
new emergency gate equipped with electrical opera- 
tion was provided at the inlet of the tunnel. The old 
trash rack bars were also replaced. The provision 
of emergency gate and lowering the leading channel 
were executed by the Public Works Department. 


Improvement work: The work being seasonal during 
irrigation closure season of March to May, it was 
planned to carry out the work in three season: . But ac- 
tually work was extended to fourth season also. Enlarge- 
ment was started departmentally in 1955 immediately 
after the inauguration and only 1000 ft. could be tackled 
owing to lack of equipment, etc. Before the next 


closure season in 1956, the work was entrus- 
ted to M/s Patel Engineering Company who were 
contractors to power tunnel, to complete the work 
in two seasons, 1956 and 1957. To push through the 
work an additional shaft of size 15’ x12’ located at 
2000ft. from exit was sunk as required by the contrac- 
tors. This provided six workig faces. As the gates at 
head sluice were not watertight, effective sealing 
was done departmentally. 


Sinking a new shaft 2000 ft. from exit, installation of 
head gear, compressor etc., were completed before 
March 1956, regular preparation being started a month 
in advance. As the time available in each season was 
only 12 weeks including arrangements to enter the 
tunnel and clear out before the opening date, the 
works were carried round the clock, in all the faces. 


The tunnel line was accurately surveyed and final 
alignment fixed such that existing several kinds are 
eliminated. The survey work was carried out depeart- 
mentally and the alignment furnished to the contrac- 
tors. Sides and bed were trimmed by using five feet rods 
and the roof with fifteen feet rods. Dry drilling was 
adopted for convenience. Very often roof holes were 
drilled by standing on muck heap though in a few 
places a pipe platform was used. Generally trimming 
was done in 10 to 15 feet rounds. 75% gelignite with 
electric detonators were used, Two blasts were done 
daily in each face at specified hours with proper co-ordi- 
nation from each face. The existing regulation gate 
was adequately protected from damage, due to blas- 
ting. The explosive ratio for enlargement worked out 
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Removal of muck from a round, took several 
hours. The fracturing of rock by blasting was not 
quite satisfactory. Large pieces of rock had to be 
broken by hammermen as there was no time for secon- 
dary blasting. As the access to the tunnel was only 
through the shafts, mucking was done by manual 
labour upto the shafts from where they were hauled 
by hoists and disposed of. It was not feasible to take 
loaders and locos inside, as. work was going on in 
six faces during blasting when they could not be 
protected adequately. 


The average out-turn of mucking in each face was : 


Face 1: 96 trucks per day. 
Face 2: 45 trucks per day. 
Face 3: 60 trucks per day 
Face 4: 120 trucks per day. 
Face 5: 85 trucks per day. 
Face 6 100 trucks per day. 


As the hoist was used for haulage of men and mate- 
rials also, the progress of mucking could not be acce- 
lerated. 


Concrete Lining 
After detailed inspection of the rock after enlarge- 
ment, it was decided to provide lining for 1200 ft. 
each, at inlet and exit ends and weak zones in_ be- 
tween covering about 700’. 


The procedure of lining was to provide (i) a skin 
floor of 1:3:6 concrete as a levelling course throughout 
the tunnel; (77) Form sides upto axis level using 
timber shutter with 1:2:4 concrete using 70%, 14” 
metal (1” metal used in R.C.C.) and 30% 3/4” metal ; 
(iit) place arch lining by pneumatic placer using steel 
shutter ; (iv) form the invert finally. 


Broken rock was procured with a lead of three 
miles and river sand conveyed from 15 to 20 miles. 


Ouly machine mixing was done, mixed at top and 
chuted through 6” pipes down the shafts and convey- 
ed to site by tip trucks. Sometimes, mixers were 
placed inside for lining by placer. 

R.C.C. Lining: R.C.C. lining caused additional 
difficulties due to delay in placing reinforcement and 
placing concrete was also slow. R.C.C. was adopted in 
selected zones. 


ca 





Inlet 228’ 
Weak zones 252’ 
Exit end 105’ 

Total 585’ 


The procedure followed for R.C.C. was to place the 
invert first wita the reinforcement upto axis level, then 
the top reinforcement is placed lapping the bottom 
and then lined. Single row of 1” rods at 6’ centre to 
centre as main reinforcement, with 1/2” rods at 12” 


centre to centre as distributors, formed the reinforce- 
ment. In some sections placer was used for placing 
both sides and roof to gain time unlike the power 
tunnel where sides were lined by hand-placing. The 
question of accommodating the placer pipe did not 
arise here as no definite overbreak was specified unlike 
the power tunnel. 


Progress of work 

Trimming : 300’ per month per face. 

Length lined : 368’ per month per 
(lining wis not done in all faces) 

Total quantity of excavation in 
Tunnel enlargement : 

Concrete placed : 

Steel used : 


wcrking face 


7,80,000 Cft. 
3,27,840 Cft. 
71 tons. 


No ventilation arrangements were needed in view 
of the three shafts. 


Regulation gate at Shaft No. 1 

Legulation of water is required for a heed of 51 ft. 
anda dry well was specified for purposes of inspection. 
The gate was installed on the upstream end of the 
shaft. The gate is provided with operation by manual 
labour also. 


The shaft was trimmed to provide the embeded 
perts of the gate and the entire shaft height upto 
2855 level was lined and the headgear provided. The 
gate was supplied by Messrs. M.A.N., Germany. 


1. Size of the gate 
5247 mm. wide x 654 mm. thick x 4023 mm. high. 

2. Weight : 14 Tons. 

3. Sealing, special bulbed rubber 
for sides and top and plain for 
sil’. 

4. Wire rope used (2) 30 mm. diameter 

5. Speed for lowering by electric 


motor 3 ft. per minute. 


2865 level. 
2882 level. 
2810.35 level. 


6. Inspection platform at 
7. Operation platform 
8. Sill of gate 


Special problem during work : 

As the work was located in the Kerala State, 
special permission had to be obtained fer constructing 
structures, dumping the muck etc. The movement of 
vehicles at night was restricted. As the enlarge- 
ment had to be tackled with habitation close to the 
tunnel, slight damages to the walls in the form of 
cracks were observed, due to the heavy vibration 
caused particularly by electrie detonators. 


Preventing effectively the leakage water, past the 
old gate, carth had tc be dumped in front of the 
emergency gate, Clearing of this enormous quantity 
of dumped earth, necessitated employment of divers 
and allied equipments, to open the emergency gate. 
This operation in 1956 involved postponement of 
supply of irrigation water by three days which had 
to be specially got sanctioned by the Government. 

[Continued on page 37 








INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—MED NUMBER, SEET., 1958 








= * Py 
A symbol of quality and service, 
a mighty mach I ne P&H is known and recognised 
M M4 throughout the world. In India, 
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OUTSTANDING FEATURES 
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rugged construction and maximum 
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* Precise hydraulic controls 
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3 Nos. 


Dogsal PRIVATE LIMITED 


have supplied to the Madras Electricity Board 


42 MVA Waterwheel genera- 
tors complete with indoor 
switchgear equipment 


Manufacturers : 








| No. 30 MW _ Turbogenerating set, ! 
feedheating, evaporating plant | 
3 Nos. 25 MVA_ 110/66 kV auto | 
transformers 
2 Nos. 10 MVA 33/11 kV power Allgemeine Elektricitats Gesellschaft, 
transformers GERMANY 
2 Nos. 7.55 MVA_ 132/66 kV_ auto | 
transformers 
Cooling water system for Manufacturers : 


Periyar Power House and Basin 
Bridge ‘C’ Power Station com- 
prising pumps, motors, starters, 
switchgear, couplings, valves, 


filters, 


Fire Protection Equipment 


piping, screens etc 


* Weise Monski, Weise Soehne, GERMANY 

* Allgemeine Elektricitats Gesellschaft, GERMANY 
* A. Friedr Flender & Co., GERMANY 

* Vereinigte Armaturen Gesellschaft, GERMANY 


Walther & Cie., GERMANY 





Bombay Calcutta Delhi Madras Agents 
Mafatlal House, Ralli House, 31, Faiz Bazar, M/s. Sukumar & Co. 
Back Bay Recl. 16, Hare Street, Daryaganj, 11/12, Second Line Beach 


Phone 37101-2 Phone 232230 Phone 28865 Madras |. Phone 2144 














Periyar Power House Generating Plant 





The Periyar Power House with a generating capacity 
of 1.23,600 kVA in the Ist stage under execution and 
an ultimate capacity of 164,800 kVA joins the Madras 
Grid consisting of four hydro-electric stations and 
two thermal stations with a total capacity of 2,86,000 
kW. This station with three generating sets of 41,200 
kVA each will be the biggest unit of the grid until 
the Kundeh staticn makes its entry into the grid ina 
couple of years. 


Water from Peviyar Lake is led through two tunnels 
and 3350 feet of penstock with a gross head of 1269 
feet to turn the 50.000 HP water wheels. With the 
adoption of a high speed of 750 R.P.M. for the reaction 
turbines at 1269 ft. head, there has been a consider- 
able saving in the cost of the hydraulic and generating 
equipment. 


Plant Contracts 

Contracts for the various equipments were placed 
with different firms taking into consideration the cost 
of equipments, reputation of the manufacturing firms 
to guarantee proved performance and the delivery 
period for the early commissioning of the Power 
Station. The important contracting firms are : 
M/s. G.M. Voith, Hydraulic equipment 

West Germany 
M/s. A.E.G., 

West Germany 


Generating sets, indoor 
Switchgear and cool- 
ing water equipment 

Step-up power transfor- 
mers 

Outdoor switchgear in- 
cluding 110 kV 
MOCBs 

11 kV cables and 110 
kV switches. 

Control and L.T. power 


M/s. Ocrlikon Engineering 
Co., Switzerland. 

M/s. ASEA, Sweden 

M/s. A.E.I. (India) Ltd., 


M/s. Jonhson & Philips, 


Philips, F & C Osler cables. 
Mavag Bridge and Crane 100/20 Ton Travelling 
Factory, Hungary. crane. 


The whole equipment is*of a very interesting chara- 
cter and will be described in greater detail, hereafter. 


By 8. MOHAMAD ALT, 


Transport of materials to site : Transport cf materi- 
als was by rail from Madras to Theni RS. From Teni 
to Power House site, road transport of 35 miles limited 
the weight of a .ingle package to 21 tons in the in- 
terest of safety to bridges. 


The limitation of weight had an important bearing 
on the design of major parts of turbines, genera- 
tors and of transformers. 


Power House Layout 

The machine hall is of the double floor type. The 
lower floor houses the turbines, governor, servo- 
motors, oil pumping sets for governor and bearing 
and oil pressure receiver. In the top floor are placed 
the generators, turbine actuator, manometer panel, 
field suppression switch and CO, equipment for gene- 
rator fires. At the western corner of this floor is the 
air compressor equipment for operation of the genera- 
tor brakes and air-operated switches in the 11 kV 
cubicles. ‘ 


The 11 kV switchgear and house supply unit trans- 
formers with their 400 V unit boards are housed in a 
separate floor in level with the repair bay and running 
parallel to the machine hall on the south side. At 
the eastern end of this floor is the valve house for the. 
pressure-water fire fighting equipment of’ power 
transformers. , 


A spacious power and control cable duct runs 
beneath the switchgear floor. Above this switchgear 
floor is situated the control gallery, housing the con- 
trol panels, relay and regulator equipments, 400 V.AC 
and 220 V. DC boards and the station battery. 

' 

The outdoor 110 kV yard has ben located east of 
the Power House building. The power transformers. 
110 kV structures with circuit breakers and 110 kV 
PTs and CTs form part of this outdoor yard. ° 


The cooling water pumphouse with three pumps is 
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located in the annexe built as extension of the Power 
House building at the north-east corner. The water 
is pumped from the tail race pool. 


The machine hall is served by a travelling crane 
designed to handle a maximum working load of 100 
tons and with an auxiliary hoist of 20 tons. This 
crane after departmental erection was tested upto 
25% overload. 


Hydraulic equipment 
The station is equipped in the first stage, with 
three vertical shaft reaction turbines, directly coupled 
to their generators. The units are designed for a 
maximum continuous load of 50,000 HP under a 
nett load of 1225 feet with a discharge of 400 cusecs 
at maximum load. The speed of the set is 750 RPM 

with the specific speed at 21.1 RPM. 


A liner of welded fabricated steel plates is fitted to 
the top portion of the concrete draft tube. The 
portion adjacent to the runner is made of stainless 
steel. The liner is completely enclosed in :einforced 
cement concrete except for the manhole portion. 
A travelling gantry at the tail race side handles the 
locally manufactured gates for the draft tube and 
pressure relief outlet. 


The spiral casing is fabricated from welded mild 





Generator being assembled 


steel plates graduated in thickness 5/8” to 1”. The 
welding seams have been X-rayed and the whole 
spiral casing has been stress relieved by annealing 
after welding and tested at works. The casing has an 
inlet diameter of 45” and is substantially circular in 
cross section. 


The spiral casing plates are butt-welded to a central 
cast steel speed ring with ten stay vanes of which 
one is designed as a baffle vane. 


For convenience of transport, the casing and speed 
ring were split into two parts. At site, they were 
bolted on the inside and rivetted on the outside 
with two straps overlapping the jointing ends. 


The spiral casing is connected to the penstock pipe 


by the inlet rotary valve and two lengths of pipes 
20’ long each, jointed by tivetting. The pipes and the 
casing are completely enéased in reinforced concrete. 
Because of the shape of the casing and the reinforce- 
ments-rods around it, placing of concrete underneath 
without voids presented difficulties. 1” pipes were 
placed at intervals around the casing and after con- 
creting, pressure grouting was done to fill inany voids. 


The runner, which is always submerged in water 
is of integral cast stainless steel with 13° chromium. 
Because of the high head the passages through the 
runner are very small (about 2.25” at the outlet). 
It may be of interest to note here that for a gross 
head of 1269 ft. reaction turbines have been installed 
for the first time in India. It has two cuter bearing 
rings, and two labyrinth rings of special chrome 
steel. The runner is attached to the shaft by bolts 
well secured. The labyrinth rings will not only relieve 
to some extent the hydraulic thrust on. the thrust 
bearings but will also ensure stability of the turbine 
runner against vibration. The runner can be removed 
for any attention after dismantling an intermediate 
shaft between the turbine and generator shafts and 
the head cover. 





Generator after assembly 


The regulating machanism for the control of water 
to the runner consists of twenty wicket gates made 
of stainless steel in one piece. The stems are not 
provided with additional sleeves. If after years of 
service the sliding surface of stems is-slightly worn out 
a portion of the stem will be turned off and stainless 
steel sleeve inserted. The wicket gates are operated 
by a regulating ring of cast steel to which they are 
connected by guide vane levers, split, of cast steel 
with breaking bolts. These bolts are so dimensioned 
that they will break in the event of an obstruction 
such as wood or other debris and release the particular 
gate from the regulating ring. 


The regulating ring is supported on the turbine 
head cover and slides on well—lubricated bronze pads. 
It is operated by two pull rods attached to the Gover- 
nor servomotors. 


The turbine head cover is of fabricated cast steel 
construction and is rigidly bolted to the speed ring. 
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It carries the turbine guide bearing housing. It also 
carries seating for the turbine shaft water seal of 
sectionalised carbon rings. The bronze bushes for the 
top stems of the wicket gates are housed in this cover. 
Stainless steel liners are provided on the head cover 
and the bottom guide wall in order to reduce water 
leakage, whereas the rings on the runners are made of 
normal steel. 


The guide bearing bush is lined with white metal 
with suitable grooves for oil lubrication. The lubrica- 
ting oil is fed by an A.C. motor pump through a cooler. 
A DC motor pump serves as automatic standby in 
case AC supply fails. The bearing is complete with the 
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normal accessories including oil return, oil level indi- 
cator, temperature indicator and a safety valve on 
the oil circuit. 


Oil Pressure Governing System 


As stated earlier, the turbine gates are operated 
by a regulating ring which in turn is operated bytwo 
control rods connected to two oil servomotors of the 
governing system. The speed governors are of the 
cabinet type with a capacity of 40,000 ft, lbs. The 
actuator pendulum is driven by a synchronous motor 
tun from a synchronous generator mounted on the 
top-most end of the generator shaft. 
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Generator stator being moved to position 


The servomotor receives its oil supply from an oil 
pumping system which consists of an oil pump, oil 
pumps for electrical drive, pressure tank, safety valves, 
and oil cooler and other accessories. A DC motor 
pump with pressure release arrangements serves as 
automatic standby to the normal running AC set. 
The pump set maintains the pressure in the tank at 
20 atm. with unloader valve set to work between 
18 and 20 atm. The governor is fitted with a special 
quick closing device which will shut down the turbine 
in following circumstances: 


(a) Governor oil pressure dropping down to about 
14 atm. 

(b) Bearing temperature rise to about 70°C. 

(c) Turbine reaching an overspeed of about 33%. 

(d) Electrical faults on generator and switchgear. 


The governor closing time, on suddenly throwing 
off the full load; has been set not to be lower than 3.2 
sec. The Governor closing time is such that on sudden- 
ly throwing off 100% load the maximum pressure 
rise does not exceed 30% of the gross static head 
and the speed rise does not exceed 30% of the normal 
speed provided the flywheel effect in generator is not 
less than 0.5 x 10° lbs/sq: ft. It has been guaranteed 
that sudden‘ loadings on the turbine by 60° full load 
and sibsequent further loading by 40% full load 
will cause only a speed drop of 30%. 
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Hand gear machanism and restoring mechanism 
(cr return motion gear) are incorporated in the 
governor system. Tempcrary speed variation can be 
effected by remote controlled reversible electric motor. 
The permanent speed variation is capable of being 
adjusted. 


Air inlet pipes with predetermined valve settings 
are provided in the draft tube liner below the runner, 
the function of which is to admit air to the draft tube 
when the turbine gates are being closed in order to 
restrict excessive vacuum or shock due to the sudden 
rupture of water column. 





Generator Rotor after assembly 


An air inlet arrangement is also previded through 
the hollow turbine shaft to introduce air into the space 
just below the runner under certain operating condi- 
tions to avoid vibration. 


The set is designed to stand a runaway speed of 
1375 RPM (or 83% above normal speed). To prevent 
the runaway speed, an overspeed device set to operate 
at a predetermined figure shuts down the turbine and 
closes the inlet valve. 


Inlet Valve 

The water from the penstock to the turbine is 
controlled by a rotary valve of robust construction. 
Two external servomotors actuated by pressure water 
which is controlled by a pressure oil operated control 
valve are erected to carry out the opening and closing 
operations of the valve. As soon as the pressure on 
the spiral casing and penstock is equalised when the 
bypass valve is opened, a pressure switch initiates 
the opening of the valve. 


The hemispherical door of the valve closes the pipe 
bore by sealing against a gun-metal liner inside the 
main casing when forced by pipe line water pressure. 
In the open position the opening in the rotary valve 
body forms a continuation of the pipe line bore so 
that smooth flow conditions are ensured. The opening 
and closing times are about 60 seconds and can be 
altered. A travelling gantry with a crane capacity of 
20 tons is erected for erection and removal of the 
rotary valve. During the erection of valves 1 and 2, 
the crane was not ready and hence the valves weighing 
about 15 tons each, were moved to their position thro- 
ugh the inlet pipe blockouts from the machine _ hall 














} 
’ 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—SEP. 1958 33 


side by improvised means. The third valve has been 
lowered from the upstream side by chainlocks. 


Relief Valve 
Hydraulically operated relief valves (pressure oil 
for closing and pressure water for opening) are fitted to 
the spiral casing to limit the maximum pressure rise 
in the pipe-line to 15% of the maximum gross head 
while throwing off full load. Without this relief valve, 
the pressure rise in the pipe line is expected to go up 
to 30%. The valve has been designed to by-pass the 

full load discharge of 400 cusecs. 


Synchronous Condenser Operation 

Generator No. 3 was later on decided to be used as 
a synchronous condenser when water conditions 
during a particular season and period, do not permit 
generation in the station. As the normal water level 
in tail race is above turbine runner, the suppliers 
proposed lowering of the draft tube water level by 
compressed air during this operation which involves 
additional equipment. At the suggestion of the de- 
partment, it was decided to lower the draft tube water 
level by lowering its gate and pumping out the water. 
This improvement has saved the department a con- 
siderable amount of expenditure. For syachronous 
condenser operation, provision is made to supply 
cooling water for the upper and lower clearances to 
avoid dang2rous ise of temperature. 


Drainage equipment 

For draining the leakage water and emptying the 
spiral casing, inlet pipe, draft tube, and pressure 
relief pipes, a drainag? channl is run under the north- 
ern side of the machine hall. Two motor pumps of 
capacities 880 galn. per min. and 2,800 galn. per min. 
respectively are installed in the bottom machine 
floor for automatic operation with float control to 
pump out the water to the tail race. 


Alternators 
The vertical direct coupled alternators are each 
rated at 41,200 kVA 0.85 p.f. 750 RPM rated voltage 
11000V + 1000V 
—2000V 


The stator, which was supplied in four parts with- 
out windings, was completely assembled at site and 
erected on the machine house floor. The core is built 
up of 0.5 gauge high alloy non-aging silicon steel 
sheets of high permeability and low loss figure, coated 
on on? side with mica base varnish. The winding is 
of the two-layer Roebel bar wave type with insulating 
varnish of bitumen bass-class B. 


The continuous ring supporting the end turns is of 
non-mignetic steel. In order to reduce the heating 
effsct due to eddy currents, the distance between the 
ring and en1 turns is increased, wooden, segments 
being inserted between them. The end bells of the 
generator are made of Duraluminium in order to 1e- 
duce the heating effect dus to the stray flux. 


As generally required in water turbine generators, 
the rotor is designed to be heavy to give a high fly- 
wheel effect, in this case 1.05 x 10° Ibs. sq. ft.. The 





Power House and Transformer yard 


rotor is of lapped construction, the yoke ring being 
built up of twenty-two 150 mm. thick. rolled steel plates 
with recesses for taking up the pole cores. At the two 
ends of the rotor, plates of non-magnetic steel are 
welded. The pole shoes are laminated and bolted to 
the rotor body. The winding is made of edge-wound 
bar copper strip coils with some of the strips project- 
ing to increase the cocling surface. 


A liberally dimensioned damper winding has been 
provided to ersure satisfactory parallel operation of 
the generators and ta provide sufficient protection 
under unbalanced loading and on single-phase short 
circuits. The complete rotor weighs about 82 tons. 


Shait 

The shaft is forged of high quality steel and its 
two parts are bolted to the rotcr at either end. The 
generator shaft diameter is 370 mm. as against the 
turbine shaft diamever of 450 mm. It is claimed that 
the smaller diameter of generator shaft has resulted 
in reduction of losses caused by friction and in lessening 
the vibrations. 


The alternator is of the two bracket type in which 
the thrust bearing for carrying the rotor rests over the 
stator frame and there is a guide bearing on each side 
of the rotor. The upper guide bearing combines with 
the thrust bearing in the upper bracket. 


The Mitchell type thrust bearing has been designed 
to safely take the load of the rotor and the runner in 
addition to the hydraulic thrust from the turbine 
runner. The bearing is of the self-pumping type with 
the rotating ecllar, which is provided with bores 
acting as a pump impeller of a centrifugal pump. 
The thrust collar is surrounded by a spiral pressure 
chamber of increasing diameter from which the oil is 
conveyed to the cooler arranged at the stator cireum- 
ference. The pressure in the chamber is about 2 atm. 
at 750 RPM. Two cooler units are provided. one of 
which is a standby. The coo} oil flows back to the oil 
pump of the bearing and is forced by an annular dis- 
tributing pipe through nozzles into the clearances 
between the thrust pads and the centre of the bearing. 


The two guide bearings, also of the self lubricating 
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type, consist cf segments lined with babbitt metal and 
the segments can be adjusted in radial direction. The 
bottom guide bearing which is mounted on a spider 
bracket is independent of the upper bearing and has 
its own oil receiver and oil cooler. Spirally rising 
grooves in the collars enable the oil to be properly 
supplied and the oil returns to the oil receiver through 
holes provided in the bearing bush. Mechanical seals 
and special pressure chambers seal the bearings 
against oil leakage. 


The generator can be run for 15 minutes without 
cooling water to the bearing oil without abnormal 
rise in temperature. 


Bearing currents are prevented by providing insula- 
tion for both thrust bearing and lower guide bearing. 


Each arm of the lower. bracket carries a braking’ 


and jacking cylinder supplied with compressed air 
at 20 atm. for braking and oil at 246 atm. for jacking. 


The braking arrangement is suitable to bring the 
rotating parts from 300 RPM to rest in 6 minutes. 
With the jacking arrangement, the rotor can be lifted 
up by 25 mm. for inspection or replacement of the 
thrust pads. The compressed air equipment consists of 
an A.C. motcr driven compressor and the oil for 
jacking is supplied by a portable hand operated 


pump. 


Generator cooling system 

The generator has been provided with a closed cir- 
cuit cooling system with four cooler units uniformly 
arranged on the stator periphery. The cooling air is 
forced by the suction effect of the poles through pole 
gaps, the air duct arranged radically between the 
stator laminations and through the end turns. The 
hot air emerging from the stator is passed through 
the water cooled heat exchangers and then to the 
axial flow fans fitted on top and bottcm of the rotor. 


The air cooler is capable of being attended to for 
service without shutting down the generator. With 
one cooler unit cut, the generator can be run at rated 
load without abnormal rise in temperature. 


Cooling Water 
The cooling water for the air and oil cooler units of 
generators, turbines and transformers is supplied from 
the tail race pond by installing 3 A.C. motor 
driven centrifugal pumps (each 117 HP 1650 GPM). 
Each pumpset is designed to feed the water require- 
ments of two generating unite. 


A standby water tank with a capacity of 44,800 
gallons is corn>cted to the water system to feed water 
for about 15 minutes in emergencies caused by supply 
failure to cooling water pumpsets. 


A complete set of CO, fire quenching equipment is 
provided for each of the three generators and is opera- 
ted automatically by electzical relays controlled by 
thermostats installed around the stator. 


35 
Excitation System 


The main and pilot exciters are directly coupled to 
the upper end of the main shaft. The exciters are of the 
open type,self-ventilating and drip proof with windings 
of class ““B” insulation. The pilot exciters of 3.5 kW 
capacity is self excited and supplies the field of the 
main exciters of 130 kW continous capacity at a 
constant voltage of 115V., the current to the field 
being controlled by an automatic B.B.C. voltage 
regulator. The ceiling voltage and current are 240 V 
(normal full load voltage being 120 V) and 2160 Amps 
with the response ratio in Volt/Sec. = 1.5. 


The following guaranteed particulars with respect 
to the generating set will be of interest. 


1375 RPM 


1. Runaway speed 
1672 RPM 


Lowest critical speed 


At the runaway speed the set is capable of operating 
for 5 mts. without mechanical damage to any 


part. 
2. M. C. R. at 0.85 p. f. lag. 35000 kW 
1.00 41200 kW 
3. Maximum temperature rise in continuous opera- 
tion at 11 kV with full load:— 


Stator winding 50°C. (resistance elements) 

Rotor winding 50°C. (resistance) 

Iron core and other component parts: 50°C. 

4. No load short circuit ratio: Not below 1.5 

5. Efficiency at 41200 kW unity; p.f. 98.3% 
35, 500 kW—0.85 p.f. 97.8% 

6. Condenser capacity 28800 kVA at 0.0 p.f. over- 
excited and 100%full load excitation. 

7. Line charging capacity at 0.0 p.f. underexcited 
at 9kV and 15% full load excitation— 
39,200 kVA. 


Transformers 

The generated voltage of 11 kV is stepped upto 
110 kV for transmission. The power transformers for 
this purpose are single phase units rated at 14 MVA to 
provide a bank of 42 MVA for each generating unit. 
The lower voltage side is delta connected on special 
structures and the high voltage side is star connected 
with the neutral point earthed through a C. T. to afford 
protection by a restricted earth fault relay. The H.T. 
windings have 3, 6, 9% tapping connected to an ex- 
ternally operated off-load tapping switch. The trans- 
former oil is cooled by circulating it through a water 
cooled cooler. 


The H. T. windings of sectionalised dise construc- 
tion are paper insulated and oil impregnated with 
graded insulation. The LT windings which are fully 
insulated, are of transposed multi-conductor spiral 
construction. 


The outgoing cooling water from the cooler is taken 
through an open discharge tank to observe any traces 
of oil leakin the cooler. The top of the water chamber 
of the cooler is provided with a pipe to serve as a safety 
release if the water pressure exceeds a predetermined 
value. 
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The silica-gel breather is of the multi-passage type 
to increase the path of air through the gel. A double 
action valve is attached to the air entry on the bottom 
of the air dryer to admit air only when an excess of 
suction preassre of about 0.2 atm. occurs. 


One fully equipped transformer is kept as unconnec- 
ted spare to the nine single phase units. The transfor- 
mers were shipped without oil and outer fittings and 
filled with nitrogen gas. Total weight of each transfor- 
mer fully erected and filled with oil is about 27 tons. 


As protection against fire, the transformers are 
covered by Walther & CIE waterspray protection 
system. Partition walls are provided between trasfor- 
mers to restrict the spread of fire. 


Indoor switchgear and control panels 

The key diagram of Periyar station is shown in 
Fig. 3 und it will be seen that the unit arrangement 
has beenadopted. Thetransformersare solidly connec- 
ted to the generators. The generator terminals are 
connected toa 11kV busin a cubicle opposite each set 
by means of bar copper enclosed in a special duct. 
Four cables for phase of 500 Sq. m/m (0.775 sq. inch) 
connect the transformers to this bus. This cubicle 
houses the surge arresters and capacitors, 11 kV/110kV 
potential transformers for metering and voltage regula- 
tor and the neutral is earthed through the neutral 


transformer (50 kVA 8 kV/1LLOV) by a 10 sq. mm cable. 


From one end of this 11 kV cubicle. a tapping through 
an enclosed shortcircuit proof bus duct is taken to the 
station (unit transformer of 500 kVA/11 kV/400V). 
The three station transformers are clophen filled 
(instead of the normal oil filling) as a safety against 
oil fire risks inside power house and hermetically sealed 
to prevent evaporation of the liquid. The isclating 
switches controlling these transformers are operated 
by compressed air mechanism, pressure air being fed 
from the compressor unit installed for braking of the 
generator rotor. 


The machine auxiliaries and transformer oil cir- 
culating pumps are fed from the 400 V, bus of the unit 
transformers. The other station auxiliaries and Jight- 
ing loads are fed from a 400 V.A.C. board situated in 
the control room and supplied from the unit transfor- 
mer bus. There is provision for an alternative supply 
from a stepdown 22 kV /400V trasformer fed from the 22 
kV line from Theni which is the main receiving station 
35 miles away from Periyar. 


The main control board consists of vartical sheet 
steel cubicles. Each panel has its circuit mimic 
diagram with automatic semaphore indicators. One 
panel accommodates the alarms for all the units. 


A four panel desk contro! board of sheet steel is 
located in front of the main board. Therelay panels are 
separately placed to the left of the main boards. Next 
to the relay panels are situated the voltage regulator 
panels with voltage regulators of the B.B.C. type 
incorporated inside. 


To the right of the main control board, the 400V 


AC board for the station auxiliaries is erected. Next-to 
this is the DC (220 V) board. The DC board is fed 
from a lead-acid storage battery 220 V. 216 A. H. 
The battery charging equipment consists of a 24 kW 
motor generator set with suitable cut outs. A separate 


‘cubicle comprising a battery charging selenium rectifier 


for connection to 400 V. 3 phase AC suitable for trickle 
charging and high-rate charging is also provided. 


The battery room is well ventilated with windows 
and an exhaust fan. The steel structures are either 
encased in concrete or painted with anti-corrosive 
paint. , 


The control gallery was originally proposed to be 
air-conditioned but deleted later as the favourable 
weather condition did not justify such installations. 


Outdoor station 

The layout of the outdoor station is simple as can 
be seen in fig. 3. The structures are fabricated welded 
angle gteel and galvanised. An extensive networks of 
overhead earthwires protect the equipment below from 
lightning strokes. The station has duplicate 110 kV 
bus bars. Four 110 kV feeders take off from this station, 
two to Thenireceiving station immediately andtwo to 
—- in a few months to feed the local industrial 
oads. 


The five 110 kV circuit breakers for the three trans- 
formers and two outgoing feeders are of the minimum 
oil type of ASEA make. The construction breakers are 
designed to carry a normal current of 600 amps with 
a rupturing capacity of 2300 mVA at 10 kV; closing 


Another view of Transformer yard 
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of these breakers is effected by a spring mechanism 
automatically charged by a DC motor fed from the 
station battery. The total opening time is 0.06 sec. 
The quantity of oilin complete 3 phase set is about 80 


gins. 


The current transformers with minimum oil are 
installed external to the circuit breakers. 


The 2 sets of 3 phase potential transformers for 
the 110kV bus and two single phase potential transfor- 
mers for the outgoing feeders are also of the minimum 
oil type. Originally it was proposed to take a tapping 
from the interconnecting jumpers of the top and 
bottom bus for the bus potential transformers utilis- 
ing four 11OkV. A. B. switches. Now one set is connect- 
ed to the top bus and the other to the bottom bus 
(see fig. 3) which has resulted in the omission of 
all four A. B. switches, still retaining the technical 
advantages of the original proposal. 


110 kV lightning arresters (“‘thyrite”’ of G. E. make) 
for the power transformers are erected very close to 
them for ensuring the best protection. The outgoing 
feeders are not provided with lightning arresters 
except for the arcing horns on the approach towers. 


In the original sanctioned proposal, thee was provi- 
sion for a 22 kV substation fed from the 110 kV bus 
by step-down 3000 kVA transformers, to feed the 
rural loads around Periyar and to serve as standby to 
the 400 V auxiliary loads of the station through a 22 
kV/400 V transformer. The Chief Engineer for Elec- 
tricity who attaches great importance to reduce the 
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expenditure wherever possible without affecting the 
technical requirements, rightly decided to omit this 
substation and extend the 22 kV line from Theni 
receiving station to the Power house achieving all 
the advantages. This decision and other improvements 
detailed earlier have resulted in a substantial saving 
during the course of erection of various equipments, 


The erection of the complete generating equipment 
has been done in record time, mainly because no hold 
up in the programme ws permitted due to the immedia- 
te field decisions of the Chief Engineer whenever any 
difficulty cropped up. 


General 
An effective earthing net-work has been provided 
for connecting the indoor and outdoor equipments. 


The Power House building is provided with a light- 
ning protective system. 


The normal station lighting is from 400V. AC supply. 
In case of AC supply failure, a DC lighting system 
is brought into service by an automatic changeover 
relay. 


Telephone and signal systems for communication and 
indication are provided for the convenience of opera- 
tion and maintenance. 


A power line carrier communication equipment has 
been installed and interconnected to various important 
power houses in the Madras State for quick communi- 
cation. 





Continued from page 28 


Periyar Tunnel Works 


The unexpected rains during the 3rd week of May 
in 1957 season, while the lining of the leading channel 
was in progress by the Public Works Department, 
caused considerable interruption to the works, inside 


the tunnel, by heavy leakage, past the closed 
gates at the head sluice. As the programmed 


work could not be com»leted as per schedule in 
1957, this had to be taken up in 1958 season also by 
which time, the Departmental regulation gate was 
erected at the Ist shaft. 


> 


Improvement to the tunnel with all the equipments 
and trained personnel presented considerable diffi- 
culties as the work was seasonal and due to other 
special features of the tunnel. 


Total cost of the work was 26.4 lakhs. Labour 
strength during the peak period was 600 to 800. There 
were three fatal accidents, two being electiical and 
one due to slipping of stone from top of shaft. 
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Periyar Hydro Electric Scheme 





The Periyar Hydro Electric Project, an ancillary 
of Periyar Irrigation Project of 1896, after the first 
detailed investigation in 1928, by the Power Develop- 
ment Wing of the Madras Electricity Department 
had to be dropped on account of the legal objection 
presented by the then Travancore Government based 
on the letter of the deed. This was followed by an 
arbitration and award. The Madras Electricity Depart- 
ment had to defer the scheme indefinitely. After the 
dawn of independence, the development of power 
schemes was accorded top priority. The project 
was sanctioned under the first Five Year Plan for 
Rs. 10.48 crores in November 1954, and he execution 
of the same had stepped into the second Five Year 
Plan period. The present agreement provided for the 
payment of royalty of Rs. 12 per kW per year upto 
350 million units and Rs. 18 above that limit. The 
installed capacity of the Power Station is 1,05,000 
kW with a firm power of 43,000 kW. for three months 
during the irrigation closure season in March to 
May. 3 machines of 35,000 kW. each are to be 
erected in the initial stage with a fourth unit of the 
same capacity to be added on in the near future. The 
scheme is to utilize the potential energy of Periyar 
waters dropping down through a head of 1260 ft. and 
feeding each machine with a maximum discharge of 
400 cuseces to spin the turbines. This Periyar Hydro 
Electric Power Station is situated at the foot of the 
Periyar Hills on the border of the Madras and the 
Kerala States in Madurai District, on the Madurai- 
Cumbum-Kottayam Trunk Road, eighty miles from 
one of the most ancient historic Tamilnad city of 
Madurai, known for its famous Meenakshi Temple, 

‘Tirumalai Nayak Palace and Tamil Academy (Sangam.) 

One of the three machines of the Periyar station is 
commissioned and put on bars this day to deliver its 
juice to serve far and near the citizens of Madras and 
Kanyakumari near Cape Commorin in the North- 
East and Southern corners of Madras State through 
the Madras State Electricity Board grid. A key map 
of the Grid with the location of the Periyar Hydro 
Electric Power Station is printed elsewhere. 

Before describing the salient features of the project, 
it is necessary to give a brief narration of the Periyar 
irrigation system, an uniqie project wherein a river 
which was flowing towards the west and was draining 


By H. RAGAVENDRA RAO 


waste into the Arabian sea has been harnessed by a 
dam in the period 1887-1895 and the water has been 
diverted to the east through a tunnel to irrigate about 
1,30,000 acres of Ist crop and about 50,000 acres of 
2nd crop in the Madurai district. This Periyar river that 
has made fertile the Madurai district once subjected 
to constant famine and scarcity, runs in the Kerala 
State over the eastern face of the Western Ghats. 
In the year 1895, the Madras Public Works Depart- 
ment constructed adam across this Periyar river at 
an elevation of 2864 above mean sea level impound- 
ing the water in the reservoir called the Periyar Lake 
which collects a drainage of about 100 inches of 
annual rainfall from a thickly wooded catchment area 
of about 239 square miles. The storage capacity of 
this reservoir is 15,662 m.cft. out of which only 10,000 
m. cft. could be utilised usefully for irrigation, through 
the tunnel due to the leyel of watershed cutting at 
108.5 feet higher than the deepest bed of the reservoir. 


The Periyar Dam is a gravity non-overflow type 
built of uncoursed rubble masonry in lime surki mortar 
and lime surki concrete. It is 1241 feet in length 
without the conventional provision of either the ex- 
pansion joints or the drainage gallery. Its maximum 
height is 176’ with a maximum base width of 140’. The 
deepest bed of the reservoir is 2691.0 above mean sea 
level and the top of the dam is 2864.10 with the 
FRL at 2861.10. The dam has ten surplus gates of 
ventway 36’ x 16’ with sill at 2845.10. The water 
stored is drawn into the tunnel bored at the fringe 
of the lake, nearly 9 miles from the dam through a 
watershed open channel and then joins the natural 
valley, Vairavanar, Suruliyar and finally Vaigai. 
The water, thereafter, is drawn from the Vaigai into 
the Periyar main channel from Peranai regulator. 
The entire cost of the Periyar irrigation project 
comprising of a dam, water shed channel, a mile long 
tunnel, a regulator at Peranai, the Periyar main 
channel and distributaries is Rs. 1.09 crores. 


As an extension to the Periyar Hydro Electric 
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Forebay Dam 


Scheme, the Vaigai Reservoir Project is also included 
under the Madras State first Five Year Plan. In the 
Periyar irrigation system water can be drawn from 
the Periyar Lake through the tunnel only during the 
irrigation season—June to February—to the extent 
required in the Periyar delta and for the limited 
drawing capacity of the tunnel. As the effective 
capacity of the Periyar Lake is rather small, compared 
to the inflow from the catchment of the Dam. It is 
now proposed to draw water from the Periyar Lake 
throughout the year so that the Periyar Power Sta- 
tion will not be seasonal but be a perennial source of 
supply, to the maximum extent possible, in anticipa- 
tion of expected inflow into the Periyar lake due to 
seasonal rainfall and store the same in a reservoir 
down below. This is the very idea of the Vaigai Reser- 
voir Project wherein the surplus water impounded 
shall be utilised to irrigate additional 26,000 acres 
in Madurai and Ramanathapuram districts. 


The various appurtenant works of the Periyar 
Hydro Electric Scheme are detailed here after : 
Figure 3 explains these details. 


Irrigation Tunnel 
This tunnel forms part of the Periyar Irrigation 
Project of 1887-1895. Its length is about 5900 ft. and 


is termed as the irrigation tunnel, for it was 
discharging the irrigation requirements of. the 
Periyar delte. It was unlined with a cross sectional 
area ranging between 90 and 120sq.ft. and was capable 
of discharging only 1320 cusecs. From the “History 
of the Periyar Project’? compiled by Mr. Mackenzie, 
it is gathered that the actual boring of this tunnel 
was done between October 1889 and October 1894 
with only four working faces. As the required power 
draft is more than the present capacity of this tunnel, 


Irrigation Tunnel 
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Fig. 3 
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it was decided to enlarge the sectional area and to 
line it with concrete to the shape of a horse shoe of 
width 14 ft. and height 12’ 6” to conform toa finished 
water way area of 152 sq. ft. for a discharge of 1600 
cusecs. 


Enlarging and lining of this tunnel could be done 
only in the irrigation closure season of three months 
in a year. As the Periyar Hydro Electric Scheme was 
inagurated in February 1955, four working seasons of 
3 months each were available for this work. During 
this period, the cross sectional area of the entire 
tunnel was enlarged to about 200 sq.ft. involving a 
volume of 7,80,000 cft. As time available was not 
sufficient to line the tunnel to the full length, about 
3,500 ft., where the rock was considered to be not 
quite stable and the portions at inlet and exit was 
lined with concrete 1 :2:4 mix. ofabout 9” to 12” average 
thickness. In the balance 2400 ft., only a thin layer 
of bed concrete 3” to 6” thick of 1 : 3 : 6 mix. for the 
floor was laid to obtain smooth stream line flow condi- 
tions. The average area of unlined sections exceeds 
200 sq.ft. while the lined sectional] area is 152 sq.ft. 
Certain reaches of lined sections were also reinforced 
with a single row of 1” dia. rods at 6” centres. The 
quantity of concrete laid in the tunnel is 3,27,840 eft. 
consuming 2,920 tons of cement. 


Regulation of discharge through this old tunnel 
was by means of a pair of Ransom Rapier hand cpera- 
ted gates installed in a specially built headsluice 
masonry structure at the mouth of the tunnel. The 
one in the front intended to be an emergency gate 
was generally kept open, with the rear for regulation 
of discharge. As these gates erected in about 1900 
were fairly old and as the sill of the movth of tunnel 
was proposed te be lowered by 4’ 9” with the approach 
channel, these two gates had to be replaced. The 
size of the emergency gate was altered with electric 
operation and was fabricated and installed at the same 
old location with modifications in the sluice for the 
embeded parts by the general superintendent, 
Public Works Department Workshops, Madras. The 
position of the regulating gate proposed to be instal- 
led by this Department was however, shifted down 
below from its old location. This hand and electri- 
cally operated gate with ventway of 14’ 0” x12’ 6” 
with provision for remote control from Power 
House was Manufactured by Messrs. M.A.N.  Ger- 
many and was supplied by Messrs. Escorts at a cost 
of Rs. 1.05 lakhs. This was erected departmentally 
at the upstream face of the first shaft of the tunnel, 
about 200 ft. downstream of the mouth. It was ex- 
perimented by the Irrigation Research station, 
Poondi, Madras, Public Works Department, for the 
best position of the gate in the shaft. It was found 
that, with the gate in the downstream position of the 
shaft, sub-atmospheric pressures prevailed down- 
stream of the gate and when the gate opening was 
suddenly increased, severe surges travelled in the 
tunnel and took a long time to damp down. On the 
other hand, with the gate in upstream position, no 
sub-atmospheric pressure was observed and surges 
were cf smaller order. This is probably due to supply 
of air to the tunnel through the shaft in rear of the 
gate. It was also established in the same experiment 


that the top of the shafts can be kept open to atmos- 
phere to serve as aeration duct. 


Regulating Reservoir 

The water, after leaving the exit of the irrigation 
tunnel flow through the natural valleys, Vairavanar, 
Suruliyar and finally into the Vaigai. Between the 
exit of the tunnel and the location of the Periyar 
Hydro Electric Power Station, the fall in level was 
more than a thousand feet. The terrain in this reach 
is very steep and is on rocky bed. The water from the 
irrigation tunnel is diverted through a new tunnel by 
contruction of a small dam across Vairavanar below 
the exit of the irrigation tunnel. A small regulating 
reservoir with an impounding capacity of 3.10 m.cft. 
is formed. The storage is just sufficient to supply for 
about 30 minutes for a peak power draft of 1,600 
cusecs, in case of an emergency caused by sudden cut 
off of supply from the main Periyar Lake. 


The location of this dam is skewed to the exisof the 
irrigation tunnel and at about 400 feet below the 
exit of the tunnel. It is a geavity masonry dam with 
central spillway of length 45 feet, a non-overflow 
section of 132 ft. on the left side and 111 ft. on the right 
side. The length of about 288 feet at top is divided 
into three blocks with two contraction joints of the 
conventional type. The spillway has again three 
spans of 13’ 8” with two piers in between, of 2 feet 


width. The crest of spillway is at 2820 MSL, while * 


the top of dam is at 2829. The rear slope of the spillway 
is 0.8 to 1 and is tangential to the profile of the crest 
at top and also to the concrete bucket with a radius 
of curvature of 23 feet. The maximum depth of over- 
flow is about 5 ft. for a discharge of 1900 cusecs. 
The spillway has no shutters and hasa R.C.C. decking 
footbridge, 8 ft. wide at 2829 above M.S.L. 


The irrigation scour sluice of size 10 feet by 8 ft. 
with sill at 2732 is provided and controlled by a gate and 
is intended for purposes of releasing additional water 
whenever the irrigation requirements are in excess of 
the discharge through the Power House and also 
during unprecedented floods. This will also be used 
for clearing silt and colloidal matter in the reservoir. 
For release of water for power purposes, a 13 feet 
diameter pipe sluice with a gate and trash rack is 
provided on the right flank in the non-overflow section 
of the dam. The pipe sluice of 87 feet in length is 
transitted from the rectangular section of the gate 
frame, and is conneetéd' to the concrete lines horse 
shoe shaped pressure tunnel 14 feet wide and 12’ 10” 
high with a suitable transition from circle of 13 feet 
diameter to horse shoe, in a length of 40 feet. The 
gates for these two outlets with electrical and hand 
operated hoisting equipments and the pipe sluice, 
were manufactured by Messrs. M.A.N. Germany and 
supplied through their Indian agents Messrs. Escorts 
at a cost of Rs. 5.12 lakhs. Erection of these was 
done by Departmental engineers. 


Geology of the Dam Site and Fault Zone Treatment 

Before taking up the construction of the Dam. a few 
exploratory core drill holes on the left flank were done 
to find out the nature of the substrata for the design 
of the foundation. The probable rock line along the 
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axis of the dam was mapped out and in general, it 
was revealed that sound rock could bemet withata 
fairly reasonable depth on the left flank while the 
natural ground surface on the right flank showed 
visible hard rock. Therefore, geologically, the site was 


found suitable for a dam of 100 ft. height. During 
actual excavation of foundation in March 1956, 
contrary to this expectation, a fault zone of width 


varying from 10 to 15 feet containing an admixture of 
reddish material with crushed rock dust was met with 
in the bed of the channel and stretching across the 
width of the dam, upto ch. downstram 125 beyond 
the bucket apron of the spillway. 


The dental treatment of weak zones in foundations 
dealt with in Chapter 9, Gravity Dams—Design Sup- 
plement No. 2, Vol. X, Design and Construction Re- 
clemation Manual of United States Bureau of Reclama- 
tion, was generally followed to treat this fault zone. 
The soft soil all along the seam was scooped out for 
varying depths and was plugged with 1:2:4 
cement concrete. At the front portion of the seam, 
a deep cut-off well for the full width of seam plus 2 2 
feet on either side and 10 feet below adjacent cut-off 
trench was excavated and plugged with 1 :2 :4 cement 
concrete. Two rows of grout holes were drilled into 
this plugged well to about 20 feet below its bottom 
and were grouted. Another series of holes to form a 
curtain in the rear of the seam were also drilled and 
grouted. With this treatment and plugging with con- 
crete in the heel trench, the Percolation factor (the 
path of percolation along the surface of contact be- 
tween the foundation concrete and ground surface 
divided by the head) was arrived at 2.20. As United 
States Bureau of Reclamation Manual prescribes a 
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factor of 2.5 for such seams, the following additional 
treatment was therefore done in the next 1957 closure 
season. 


(a) Consolidation of soil of the scem by drilling and 
grouting on the upstream heel trench. 
Forming 2 new cut-off trench further upstream, 
25 feet deep across the channel bed keying into 
herd rock on either flank and plugging the 
same with concrete upto channel bed. 
Extensive drilling and grouting the bed of eut- 
off trench and also the flanks. 


(6) 


(c 


~— 


In consequence of the above treatment, the per- 
colation factor increased to 3.95. 


In addition to all the above, a series of holes on the 
upstream of dam were drilled to varying depths and 
grouted with a chemical solution of hydrochoric acid 
and sodium silicate. 


Structural Design Features 

The dam designed as solid gravity type with gene- 
rally accepted practice of avoiding tensile stress in 
masonry and the middle third rule for both condi- 
tions of the reservoir (empty and full). The weight of 
masonry was assumed as 149 lbs. per c.ft. and 50%, 
uplift was allowed at all joints. The standard practice 
in regard to sliding friction by keeping the tangent of 
the angle of the resultant with the vertical at less 
than 0.75 at all sections was also adopted. 


Inspection Gallery 
An inspection gallery of size 5’ width and 7’ 6” 
height was provided along the length of the dam for 
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180 feet. This is connected to a cross gallery across 
the width of the dam, through which approach to the 
gallery from the left flank is formed. An exhaust fan 
is also provided on the left flank fer eliminating en- 
trapped air through the vertical shafts from the roof 
of the drainage gallery. [Figure No. 4(a) & (6)] will 
explain the general details of the dam.) 


Power Tunnel, Surgeshaft and pipe tunnel 

A brief description of the Power Tunnel, surge 
shaft and pipe tunnel is covered in the following 
paragraphs. The work on these was executed in a 
period of about 24 years by Messrs. Patel Engineering 
Co. Ltd., Bombay, to whom the work was awarded 
on competitive tenders. 


Geology 

During preliminary investigation, exploratory bor- 
ings were made at the position of the drains along the 
alignment of the power tunnel. These revealed that 
along the entire length of the tunnel good granite 
rock could be met with. The alignment of the tunnel 
crosses six drains on the surface. Sheet rock was 
visible in the area of three drains and at other drains 
excellent rock was available below overburden 
ranging between 10 to 40 ft. Minimum rock cover 
over the crown of the tunnel was seen to be 20 ft. and 
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a maximum cover of 100 feet was also available. The 
report of the geological survey of India further con- 
cludes that in driving a tunnel in this granite rock no 
major seepage of water involving heavy pumping or 
geological problem will be encountered. As regards 
the surgeshaft sheet rock would be available in the 
area within ten feet below surface and the major 
portion of the shaft shall be in sound granite rock. 
Almost similar type of soil was expected in the area 
of pipe tunnel also. 


During actual excavation it was seen that the geo- 
logical forecast was quite sound and the entire exca- 
vation was in good granite rock except in a short 
reach of about a hundred feet in the neighbourhood 
of the first drain where soft rock was met with re- 


quiring temporary steel ribs and timber supports to 
retain the crumbling of soft rock pieces. Subsequent- 
ly, the cone formation of the strata was able to stand 
by itself without the supports. Due to the existence 
of the drain, seepage water was dripping heavily, 
Particular care was excercised to fill in these pockets 
during lining. A series of holes were drilled for about 
fifty feet on either side of the drain at ground level 
and grouted to consolidate and reduce pressure of 
seepage water over the tunnel lining. 


Details of Work 

The power tunnel is completely concrete lined to a 
horse-shoe shape, 14’ wide and 12/10” high. Its 
length is about 4,000 ft. including the 87 feet pipe 
sluice embeded under the body of the dam. Out of 
4,000 ft. 600 feet are lined with R.C.C. The tunnel 
heading was tackled through two adits and one end, 
offering four working faces and actual driving was 
got through between 15.7.55 and 20.4.56 in hardly 
nine months involving about 9,00,000 cft. or rock 
blasting and muck removal. Electric detonation for 
blasting was adopted and adequate ventilation with 
electrical exhaust fans was provided. Concrete lining 
of the tunnel was done by hand placing for invert and 
sides upto springing level and pneumatic placer for 
arch. 


Surge Shaft: The surge shaft is of 40’ internal 
diameter and 140’ in depth. Excavation of shaft was 
through hard granite rock and was sunk frem_ the top 
except the bottom 12’ to 15’, which was excavated 
through the adit driven for power tunnel excavation. 
No major problem was met with. The side of the shaft 
were lined with reinforced cement concrete of mix 
1 :1}:3 with 1” graded metal and a single row of rein- 
forcement 5/8” at 9” centre to centre and at 1’ 
centre-centre vertically. The reinforcement was 
placed at 6” from the finished face. The minimum 
thickness of 12” for lining was specified with an over- 
break of 4” fo. purposes of payment for excavation and 
concrete lining. It may ke of interest to mention 
in this context that the actual depth of overbreak 
was about 6” beyond the neat line of excavation. The 
sinking of the shaft involving blasting of about 
2,03,000 cft. was got through in a period of five 
months between Oct. 1955 and February 1956. The 
floor and sides cf the shaft were also grouted. 


Two penstock pipes of diameter 10 feet take off 
from the surge shaft. These pipes are erected in the 
pipe tunnel of length 190 feet. 


Valve House and Penstock 

From the downstream side of the surge tank, two 
meter 10’ dia pipes with a hydraulically designed 
intake piece at their mouths take off. These two pipes 
are located in a concrete lined pipe tunnel referred to 
earlier. Each of these two 10’ dia meter pipes bifurcate 
into two arms of 6’-6” diameter through a special mani- 
fold piece. The four branches emanating from the 
two manifold pieces are connected to four 78” dia ineter 
penstock lines through four butterfly valves. Under 
the first stage of the Periyar Hydro Electric Scheme, 
only the three penstock lines are connected upto 
the machines while the fourth penstock with its 
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Pen Stock Line 


buttefly valve is laid upto the first anchor and at its 
end, a dish-shaped blank cover is provided. Each of 
the 78” diameter penstocks converges into 72” and 66” at 
PowerStationend from where a special reducer 66” x 45” 
— the pipe to a high pressure rotary valve of 

45” diameter. The slopping length of the penstock 
120°/78"/72"/66” is about 350 ft. In a_ horizontal 
distance of 3127 feet the drop is 1,161 feet which 
works out to a yee of 1 in 2.7. The ecnlosed pro- 
file of the penstock (figure 6) with its various 
anchors, thickness and diametcr, type of material 
of pipe will explain the various details. Including the 
manifold and terminal anchors, there are ten anchors 
in all. While the intermediate and manifold an- 
chors are common for all the four penstocks, the ter- 
minal anchor is independent for each of the four 
penstocks running parallel from top to anchor no. 8, 
and then diverg? out to suit the locations of machines 
at Power Station. Although only three penstocks have 
been laid now, the foundations for anchors for the 
fourth line also have been laid. 


The Penstocks, valves etc. were supplied and erected 
by M/s. Sakai Iron Works Co. Ltd., Osaka, Tokyo, 
Japan. All the pipes and accessories were despatched 
from Japan in three ships—first in October, 1956, 
and second and third shipment in February, 1957. The 
erection was started by the end of January, 1957 and 
completed by December, 1957. 


Type of pipes materials etc: The material of the 
pipe in the top reaches upto 270 feet below anchor 
no. 4 is of Japanese ordinary steel JIS.3101—SS.41. 
with ultimate breaking strength of 58,320 to 71,120lbs. 
per sq. inch and yield strength 32,710 lbs. per sq. 
inch and that in lower reaches it is of Japanese high 
tensile steel ‘Welton 50” with an ultimate breaking 
strength 71,120 to 82,490 lbs. per sq. inch and yield 
strength 46,930 lbs. per sq. inch. The pipes are of 
welded construction and are received in lengths of 
18 feet except the 120” diameter pipes which were 
received in the form of shells. The field joints were 
welded at site by Japanese Welders. The intake 
pipes at the mouth of the 10 ft. diameter pipes in the 
shaft and manifold formation for reduction of 10 ft. 
diameter to 6’-6” were received in fabricated seg- 
ments and were welded at site after erection and 
alignment. 


Anchorages : In accordance with the customary 
procedure, anchors are provided at all angle points. 
The anchors are so designed that they will, by gravity 
alone, withstand the resultant of all hydrostatic 
forces under the following conditiong, (1) for 3 second 
closure of the machines ; (2) for one second closure -of 
the machine ; and (3) for bursting condition of the 
pipes. For condition (1) the final resultant falling 
within the middle third of the base of the anchor and 
for conditions (2) and (3) the final resultant falling 
within the base of the anchor were ensured in the 
design. Except a few anchors which were founded 
on hard rock all the others are on hard soil and soft 
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Anchor No. 4—Superstructure 


rock. The maximum pressure on the base of the an- 
chor due to all hydrostatic forces was limited to the 
bearing capacity of the particular soil met with in 
the foundation. Field tests for bearing capacity of 
some representative soil were conducted. The anchors 
were formed with 1 : 34:6 cement concrete of 1” 
graded metal and reinforcement with 3/4” diameter 
M.S. rods was also provided. The penstock pipes 
were supplied in lengths of 18 feet and one pier for 
each pipe at about centre was provided. The piers 
were designed to take care of all the hydrostatic 
forces by its own weight and the final resultant of all 
forces under conditions of expansion and contraction 
of the pipe, falling within the middle third of the 
base was ensured. The maximum stress on the base 
was also limited to the bearing capacity of the parti- 
cular soil met with in the anchor. 


Expansion Joints: Fig. 6, profile of the 
penstock shows nine expansion joints in each of the 
penstocks. In conformity with the usual convention, 
the joint was provided at the top of each section 
just below anchor except for the 10 ft. diameter 
pipes, which is located on the lower end of the reach 
and above the manifold anchor. The joint is of the 
usual slip type with an allowance for about 10” to 12” 


- variation due to expansion or contraction. 


Manholes: To facilitate access into the penstock 
for inspection purposes, nine manhcles of 20” internal 
diameter have béen provided. The pcsitions of these 
are on the downstream and near about the nine ex- 
pansion joints and except at anchor no. 1 they are 
placed at the bottom at an agle of about 45°. 


Transport and Erection:The 78”,72” and 66” diameter 
pipes in lengths of 18 feet were packed by telescoping 
with double or triple nesting, of pipes, so as te occupy 
less shipping space and well tied gogether to prevent 
slipping. These were shipped from Japan and received 
on, Madras shores. From Madras to Theni, - the nea- 
rest railhead 34 miles from the project - they were 
railed by metre gauge waggons. The pipes were 
unloaded at Theni with the help of an overhead and 
hand opeated travelling 25 ton crane and 22 RB 
mobile crane. To reduce the weight for road transport, 
the double and triple nested pipes were denested in 
most of the cases and were transported by lorries, 


trailors and unloaded by hand or by the 38 RB mobile 
crane directly on penstock slopes or stacking yards at 
three pre-determined locations near the slopes. A 
45 lbs. rail track metre gauge run on wooden sleepers 
was laid along the penstock slope in the grading space 
of the future fourth pipe line from manifold anchor 
down to terminal anchor. Two electrically operated 
50 HP single drum haulage winches - of Hitachi 
Ltd., Japan - one at the top of penstock slope and 
the other at anchor no. 6 were erected and used with 
suitable metre gauge flat trucks for haulage of the 
pipes to the slope from where they were taken to the 
respective positions by chain block and tackle ducing 
actual erection. At the head of the penstock below 
anchor no.1 a fixed overhead gantry with a travelling 
hand opeated 10 ton chain block was erected across the 
the penstocks for transhipment of pipes from the road 
terminus to the haulage truck on the opposite side. 
Erection of bends at anchors was taken up first and 
the pipe: on the upstream side were then erected upto 
the next upper anchor. Each section was thus erected 
and finally they were joined by the special expansion 
jcint pipe. All the field joints were welded at site 
by Japanese technicians with the help of hand are 
welding machine provided free of charges by Messrs. 
Sakai Iron Works Ltd., Japan, as per terms of contract. 
In workshop each pipe consisting of three rings 
and al! longitudinal and circumferential seams 
inside and outside were welded completely by 
use of Union Melt Are Welding machines of maxim- 
um current capacity ranging between, 1200 Amps 
and 2,000 Amps. After field welding of circumferential 
jcints,the inside was gouged and final welding was done. 

Hydraulic Tests: One of the field tests for the erect- 
ed penstock was to examine the watertightness by 
filling the pipes with water and applying the specified 
pressure with the use of a hydraulic pressure pump. 
A brief outline of the procedure adopted for this 
hydraulic test is described below : 


The entire penstock was sectionalised into five 
reaches by introducticn of six test covers, the one at top 
and bottom being dish shaped and the intermediate 
ones being of flat plates stiffened by R.S. joists. While 
the dish shaped covers A and F (vide Fig. 6) were 
welded to the pipes, the others were inserted and 
bolted between the expansion joint pipe and the top 
fixed piece by pushing down the insert piece of the jc int. 
The positions: of these test covers is shownin the 
profile drawing. The test pressure was limited to 1.75 
times the static head in the reach A to Cand E to F and 
1.65 time in the section C to E. The intention of reduc- 
ing the test pressure in the section C to E from 1.75 
to 1.65 was to limit the developed stress in the pipe 
to 0.80 of the yield stress of the material. 

Painting (a) at shop: After fabrication and anneal- 
ing, all pipes were cleaned by sand blasting and also 
by the use of air injection or centrifugal type blaster. 
The outside surface was painted immediately with two 
coasts of red lead (synthetic red lead Dai Nippon 
Toryo Co., (Japan and the inside surface was painted 
with one coat of bitumastic anticorrosive solution 
(Wailes Dove Bitumastic Co., England) and two 
coats of liquid bitumastic enamel (Usagida Chemi- 
cal Works Ltd., Japan. The two edges of the pipes 
to be joned in the field were left without painting. 





48 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—SEP. 1958 -- 


(b) at field: After erection. the inside surface was 
given one coat of liquid bitumastic enamel and the 
outside surface one coat of aluminium paint (Shinto 
Paint Co., Japan). Painting was done both by hand 
and by air spray guns. 


Power Station Building 

General: This building—designed to house four 
generating sets of 35,000 kW capacity each —is a steel 
framed structure of inner diamentions 200’ x 64’6” 
enclosed by masonry walls and covered by reinforced 
cement concrete roof slabs. It consists of a machine 
hall of width 43’-6” and an annexe of width 21’-0” 
but of the same length formed in ten bays of 20 feet. 
The former is a single stcreyed structure while the 
latter has a first floor for accommodating the 
control gears, battery room and other equipments. 
On the rear of the building, a tail race pool of width 
24’.6” is formed with a masonry weir to lead the tail 
race water from the machines to spill over it and join 
the natural watercourse, the Vairavanar. 


Steel Structure: The steel structure essentially con- 
sists of three rows of stanchions—eleven in 
each row, with corresponding longitudinal and 
cross girders, filler joists for two floors and truss 
members for two roofs. 


The machine hall stanchions carry crane girders 
for traverse of a 100 ton electrically operated overhead 
crane. It also includes two sets of two stanchions for 
fixing two rolling shutters and also an annexe on the 
north side with stanchions and girders for a small 
pump house. These were fabricated in the workshop 
of Messrs. Bardoni, Italy under supervision of Messrs. 
Societa Anonima Electrificazione, S. P. A. Milano, 
Italy and supplied by M/s. 8. A. E. (India) Ltd. 


The steel work is fabricated with rolled sections of 
metric size for roof filler joists and angles for roof 
trusses. The stanchions and beams of large size are 
formed by welding steel plates with an automatic 
process, except for the crane gantry girders which 
are subject to variatien, are of rivetted construction. 
The total weight of the steel frame as supplied includ- 
ing two staircases and hand rails is about 324 tons. 
Erection of these was also entrusted to Messrs. 8.A.E. 
under the supervision of an Italian erector and local 
labour. The contract was entered into in December, 
1955 with a mandate to complete the entire work by 
end of April, 1957. The Suez Canal trouble interrupted 
early supply and the work could be completed only by 
end of October, 1957. 


Figure 7 shows a cross section of the Power Station 
showing the steel structure. 


Power Station Machinery and Equipments. 


(a) Hydraulic Turbines and Accessories 


Glebal tenders were invited for alternative supply 
of impulse and reaction turbines to generate an output 
of 50,000 BHP at 300 or 600 RPM undera nett head 
of 1215 Ft. The tender. of M/s. J.M. Voith, West 
Germany represented by Messrs. Protos Engineeering 
Co., Ltd., Bombay contained three alternatives (7) 


Impulse 300 RPM (2) Francis Spiral 600 RPM and 
(3) Francis Spiral 750 RPM. Alternative no. 3 being 
the least expensive, giving the best efficiency, was 
accepted, though it involved installation of the unit 
at a slightly lower elevation and an order for three 


such turbines along with three high pressure rotary 


valves was placed in December 1955 atan appreximate 
total cost of about Rs. 24 lakhs. It is to be pointed 
out that reaction turbines for a gross head of 1296 
ft have been installed for the first time in India. 


The manufacture and delivery of the machinery had 
veen kept up promptly as per terms of contract. The 
built-in-parts of the turbines comprising of three 
draft tubes and three relief valveliners were shipped in 
January 1957 and were at site by (May 1957. The 
first turbine with its high pressure rotary valve 
was shipped by end of July 1957, and was at site by end 
of November 1957. The second and third units were 
shipped in October 1957 and January 1958, and recei-. 
ved at sitein January 1958 and April 1958 respectively. 
The salient features of the turbines are detailed below: 


1. Type: Vertical shaft re-action Francis. 


2. Normal speed: 750 RPM, 


3. Maximum out- 
put under a 
nett head of 
1225’ 50,000 BHP 


Erection of the first turbine was commenced in 
December 1957 by one works-trained Indian Engineer 
who was later, in January 1958, replaced by a German 
chief erector followed by another German assistant 
in February 1958. It is expected that all the three 
units will be completely erected before the end of this 
year. 


(b) Generating equipment and accessories: M/s. 
A.E.G. Berlin, West Germany represented by 
Messrs. Dodsals Ltd., Bombay offered eight alterna - 
tives for the alternator with speed ranging betaveer. 300 
and 750 RPM and runaway speed ranging between 
530 and 1375 RPM and flywheel effect of 8.04 x 106 
Ibs/sq. ft. to 1.05 x 106 Ibs/sq.ft. The alternative 
design to suit the type of turbine by M/s. Voith was 
accepted and an order for three units with indoor 
switchgear excluding cables at an approximate total 
cost of Rs. 45 lakhs, was placed in February 1956. 


The supply of equipment under this contract had 
not been upto the expectation contemplated in the con- 
tract for various reasons, arising out of correspondence 
for appreval and decision of technical features of the 
alternators and auxiliary equipments. Mr. V. P. 
Appadurai, Chief Engineer for Electricity had to fly 
to Germany in January 1958 for personal discussion 
and to expedite supply of the first unit. His personal 
coatact with the Board of Management of Messrs. 
A.E.G.,Germany had the desired effect andthe delivery 
was advanced by ten weeks. Shipment of the first 
unit was effected in March/April 1958 and was 
received at site by the end of May/June 1958. 
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Fig. 7 








The generators were : 


1. Type 
2. Speed 


Vertical 
750 R. P. M. 


+1000 v 
— 2000 v 


41,200 kVA 0.85 P.F. 


3. Maximum voltage 11,000 v 
4. Rated output 


Erection of the first unit was st rted by middle of June 
1958 by three German erectors. On this dey, tne first 
unit is commissioned and the other two units are 
programmed to be commissioned to augment the 
resources of the Madras State Electricity Board grid 
before the end of this year. 


(c) Main Transformers: The generated voltage of 
11,000 volts is stepped up to 1,10,000 volts by in- 
stallatior of a bank of three single ph: se transformers 
cf capacity 14 mVA for each generator. The transfor- 
mers which were shipped without oil and outer fittings 
and filled with nitrojen gas are direcily connected to 
the generators without any intermediate circuit break- 
ers or switch. They are oil-water cooled type connect- 
ed delta/star with neutral point of 110 kV. solidly 
earthed. For nine units, one’ ¢omplete transformer 
is kept as spare. 


For protection against fire, water spray protection 
system by use of a compressor plant is also provided. 
Reinforced cement concrete partitionwalls are also 
provided in between the tran: formers. 


These ten single phase transformers were supplied 
by Messrs. Oerlikon Englineering Company Switzer- 
land. The first unit was shipped in February 1957 
and the last in September 1957. 


Frection of these was done under the direction of 
the departmental Divisional Engineer (electrical) and 
a Swiss works trained engineer had this checked up 
before commissioning. 


Indoor Switchgear and control panels. The main 11kV 
switchgear consists ef metal clad cubicles for control 
of the generators. Space for a similar cubicle to be 
erected later for the fourth unit is also provided. This 
receives the outgoing leads from the machine in a 
special duct and connects to the step up 11/110 k.V 
Power transformers and also provides for busher Jeads 
to the station service transformers (Clophen filled) 
located adjacent tc the cubicles. Neutral switchgear in 
cubicles is also mounted adjacent to the main II k.V. 
switchgear. 


The D.C Board in the control gallery is fed from a 
lead-acid storage battery 220 V 216 Am, housed in a 
well ventilated room with an exhaust fan etc., at 

. the western end of the control gallery floor. A 23 kW 
“motor generatar set with cutouts and a_ separate 
battery charging rectifier are also provided. 


(e) Outdoor switchgear and Transmission system: 


The 110 kV outdoor station consistes of an elevated 
galvanised steel structure of double deck type with 
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two sets of busbars and the necessary isolating switches. 
The structure accommodates five minimum oil circuit 
breakers of ASEA make (with provision for one future) 
including Nos. for the double circuit 110 kV line 
to Theni. The structure is extended to house two 
breakers for the Kayathar 110kV double circuit line. 
The following 110 kV transmission lines take off from 
the structures. 


1. One Double circuit 80 miles 
line to Madurai via (completed) 
Theni. 

2. One Double circuit line 100 miles 


to Kayathar via 


(under construction) 
Rajapalayam 


The latter is mainly intended to feed a Caustic Soda 
Ash plant in Arumugane i in Tirunelveli dist: ict, 
sponsored by the Dharangadhara Chemical Works 
Ltd., whose requirements will be of the order of 30,000 
kW by end of this year. 


The structure with 110kV M.OCBs C.Ts. P. Ts., 
busbars etc., were supplied by Messrs. ASEA, Sweden 
through ASEA Electric India Ltd., and erection was 
done by Departmental engineers. The outdoor 
switches and insulators were supplied by Messrs. A. E.I. 
Ltd., Madras. Thestation Thyrite type lightning arres- 
ters manufactured by Messrs. General Electric Co., 
U.S.A., were supplied by Messrs. International General 
Electric Company. The power and control cables with 
accessories were supplied by Messrs. A.E.I., Madras, 
Fraser and Osler, Ltd., Madras, Johnson & Philips Ltd. 
Bombay, and Philips (India) Ltd., Madras. 


The stations is connected to the power line carrier 
communication grid with interconnections to the vari- 
ous power houses and important substations. 


Estimate and Expenditure 

The revised estimate for the Pe.iyar Hydro Electric 
Scheme was sanctioned for a sun of Ruppees 10.99 
crores. Out of this, a sum of 3.68 corores is provided for 
transmission lines and substations which are executed 
under the control of a Superintending Engineer. It 
is expected that there will be a saving of about one 
crore of rupees in the scheme. 


Conclusion 

This Periyar Power Station opens up the chapter of 
installation of a new generating station in the Five 
Year Plan period in Madras State. On this memorable 
occasion of the inauguration of this first generator, it 
is befitting to place on record the loyal and selfless 
work of the staff, labour and contractors, big and small, 
who have all toiled hard, day and night, relentlessly 
with a missionary zeal, devotion and single minded 
purpose of building this edifice and leaving the gift to 
the nation. It had also been the will of God Almighty 
that a few, numbering fourteen in all, who had 
laboured hard together, laid down their valuable lives 
in the execution of the Project and did not live to 
see and enjoy the benefits of their hard labour. 





Our Contributors 


Mr. V. P. Appadurai 
joined Madras Electricity 
Department during 1932. 
He rose to the position of 
Superintending Engineer 
of the Technical Branch in 
1948 and became Chief 
Engineer of the Madras 
Electricity Department in 
1954. After the formation of 
the State Electricity Board 
in 1957, heis now the Chief 
Engineer and Technical Member of the Board. 


During 1952 he visited U.S.A., Canada, U.K., and 
the Continent under the Colombo-plan Fellowship 
Award. 


S. Muhammad Ali joined the 
Department during 1936. He 
went to U.K. during 1946. Now 
he is the Divisional Engineer 
in charge of the erection of the 
generating machinery power 
transformers and _ switchgear 
connected with the Periyar Hydro 
Scheme. 





During 1956 he went to Canada as a Member of 
the Govt. of India Delegation to finalise the terms 
of Colombo Plan Aid for the Kundah Hydro Elec- 
tric Scheme. He again went to Canada during 
1955 fce finalising the orders for plant and machi- 
nery requ!red for the Kundah Project, and to Germany 
during 1958 to expedite the despatch ofthe genera- 
ting machinery required for the Periyar Scheme. 


H. Raghavendra Rao 
joined the epartment 
during 1939. After serving 
in various categories he 
became the Superintending 
Engineer of the Periyar 
Hydro Electric Scheme. 


S. Subramaniam is a civil 
Engineer in charge of the Tunnel 
Works in the Periyar Hydro 
Electric Scheme. 
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Long length, low, medium and high 
pressure suction and delivery hoses for 
water and oil. Also for air, spray, 
welding, cement grouting and sand 
blasting. 


GOODFYEAR 





there ig a 


GOODYEAR HOSE 


for every job and a 


GOODYEAR 
CONVEYOR BELT 


to ¢arry any material 
quickly and economically 









Goodyear Conveyor Belts, by quick 
transportation of bulk quantities, 
offer the lowest cost per ton per 
mile. 
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QUALITY has been our watchword 
ever since we commenced operations; 
our reputation today as the largest 
manufacturers of transmission line 
equipment in India is based on it. 
Every item manufactured by EMC 
has to pass through a stringent pro- 
cess of quality control at every step 
in the well-equipped laboratories 
attached to our Works to be able to 
stand up to extreme operating con- 
ditions. Our ACSR and AAC cables, 
for instance, are subjected to no less 


FIRST 


than eight major and rigorous tests. 

“You are being too critical in 
passing out acceptable materials’’—this 
was the opinion of an expert foreign 
authority from the world’s largest 
manufacturers of aluminium cables 
and accessories. Nevertheless, we are 
proud to be so critical as this has 
resulted in EMC cables and accessories 
being recognized as equal to the 
world’s best —a fitting tribute, indeed, 
to our manufacturing techniques and 
quality control procedure. 


EMC cables carry /SI Certification Mark 


AZRIKE- 136, Jessore Road, Calcutta-28 


Representing : 
ELECTRICAL MACHINES CORPN. PRIVATE LTD. 
ELECTRICAL MANUFACTURING COMPANY tTO. 
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